
A DISCUSSION ON THE PART PLAYED BY THE 
SUPRAVESTIBULAR CONNECTIONS IN 
DECEREBRATE RIGIDITY 

By Dr L J J ilUSKENS (4?n5?er<Zam) 

Dueiyg the past few years I have had hut limited laboratory facihties 
for performmg experimental operations connected with the remarkable 
phenomenon of decerebrate rigidity, but I have succeeded m carrymg out 
a number of experimental lesions m cats mvolvmg the region of the 
posterior commissure 

The cases here recorded are only those where the animal survived for 
a sufficiently long penod to make the subsequent examination of the 
nervous tissue with the osmic acid stam practicaL 

I consider it important to distmguish those cases which present 
complete immobility with opisthotonos as described by Sherrington, 
Horsley and Loewenthal from those with mcreased tomcity on one 
side, the power of locomotion bemg preserved (i) 

It is not surprising to anyone who has made a study of the effect of 
lesions m the postenor longitudmal fascicle and commissural nuclei to 
find forced movements closely associated with decerebrate rigidity 
Further, because symmetncal lesions are very rare in this region phe- 
nomena related to forced movements are bound to occur Sherrington 
has all along descnbed conditions, either of stimulation or of extirpation 
which alter the condition of decerebrate rigidity or give it a special 
character 

The ongmal writers on the subject demed the existence of cerebellar 
influences on the phenomenon of decerebrate ngidity, but it must be 
admitted that later work has demonstrated that the antenor cerebellar 
lobe does exert some mflu^nce Further, different writers are not m 
agreement m their descriptions of the effect of lesion and stimulation of 
-t.hecrA antenor cerehelh and Gowers’ tract The fact, however seems to 
be c.stabhshed that ablation of Deiters’ nucleus, hemisection of the 
medulla oblongata, section of the antero-lateral tract of the cord and 

abo of the postenor roots does away with the rigidity when it has once 
nppenred 

Th 1 el e, IV ced, "Warner 
ccction of the truncus cerebn 
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degree of ngidity, certainly at least a temporary lateral mcrease of muscle 
tone It IS curious to note that if this unilateral section is made above 
(t e anterior to) the posterior commissure the resulting stifiness is hetero- 
lateral, while if the section be caudal to the commissure the stiffness is 
homolateral 

In the first observations on decerebrate rigidity it was noticed that 
a special posture was associated with the condition, the neck was bent, 
the concavity bemg directed backwards Sherrington recognised m a 
complete demonstration of decerebrate rigidity a “physiological entity ” 
Such a posture is a forced position m the \ertical plane such as I 
described as occurrmg after certam lesions mvoliung the primaiy and 
secondary vestibular connections (2) Although Sherrington speaks of 
a special posture Magnus speaks of a “caricature of a posture,” because 
the physiological movement upward is exaggerated If, however, the 
dictum of Liddell and Sherrington is recalled which states “Reflex 
standmg is a composite postural reflex the anti-gravity muscles coimter- 
actmg the supermcumbent weight,” (3) it is justifiable to expect a jmori 
that the mesencephahc structures which govern these anti-grnnty 
muscles may play an important part when the mterrnption of certam 
liihibitmg tracts sets the action of these structures free 

HeVe it IS worth while to recall a forgotten obseriation of Ewald 
to the effect that a pigeon bhndfolded and with both labyrmths removed 
takes the extreme position of “culbutation” backwards, neck and e>es 
turned maximally overhead Agam certam observations m the pigeon 
tend to prove, that upward movement of the ejes is dependent on 
an entuely different mechamsm, compared with lateral and downward 
movement, and might be considered as an effect of release from various 
innervations Also it is well known, that in man during sleep the 
ej eballs are duected upwards 

The foUowmg pomts appear to me to require consideration Warner 
and Olmsted concluded that the spmo cerebellar and Gowers’ tracts 
suppbed the efferent propnoceptive impulses for the phenomenon of 
decerebrate rigidity, hence stimulation of these tracts would alter the 
fundamental conditions of the phenomenon 

It must be recalled that Marburg and Bing showed that lesions of 
these tracts were followed by forced movements m the i ertical plane and 
a tendency to fall backwards On the other hand, W a r n e r and 0 1 m s t e d 
concluded that the efferent impulses necessary for decerebrate rigidity 
arose m the neighboiuhood of the red nuclei but not m the red nuclei 
themselves 
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In buds, althongb a tme condition of decerebrate ngidity could not 
be induced, Martin Ricb observed q^uite accurately m birds ttat forced 
moiements m tbe honrontal plane on one side associated vntb a ten- 
dency to fall to tbe other side mvanably foliovred after cross-section of 
the mid-brain. 

Weed noted that haemorrhage in the raphe of the tmncns cerebn may 
cause flexion decerebrate rigidity instead of the exaggerated posture of 
the extensors 

Magnus and de Kleijn have shoim that the condition of decere- 
brate nsidity varied considerablv mth the position of the animal at the 
time 

Decerebrate ngiditv has always been regarded as a release pheno- 
menon (“ Enthemmung ’) m which severance of the prosencephalon from 
the mesencephalon was held to be the essential feature Although this was 
the general behef vet it was realised that the proof was unsatisfactory 
Ken Kure recentlv propounded the view that the occurrence of 
humorrhage was one of the conditions necessarr for the exhibition of 
decerebrate rigidity From mv own observations it seemed to me very 
probable that some special alteration m the condition of the mid-bram 
such as hfemorrhage would induce is necessary for the demonstration of 
complete decerebrate ngtditv On the other hand, the results of obser- 
Nations b\ Baaett, Penfield and Kademaker seem to exclude the 
possibilitv of such a comphcation bemg a mam factor m bringing about 
the condition 

In the thirtv vears which have elapsed smce decerebrate ngidity was 
first recognised two mam hnes of mvestigation have been followed. In 
the first and earher work attention was directed to the diflerent m- 
fluences aflectmg decerebrate ngiditv In the later work, started bv 

eed and completed bv Kademaker, attention was concentrated on 
the part plnj ed by the red nucleus m the occurrence of this phenomenom 
It js remarkable that the second and later group of workers dealt with 
iht "subject pnmanlv as phvsiologists the anatomical considerations 
commg second The examination of all records of the work done on the 
subject shows no careful analvsis of the forced movements in three 
phnf= while no direct application of the latest anatomical knowledge 
concerning the supra\ cstibular nuclei is attempted 

Till- curious incompleteness and one sidedness of the maestigation 
111 nu ojiinion accounts for the doubt and uncertamtv found m aU the 
literature dealing intli decerebrate ngiditv 
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Before discussing the effect of lesions of the eoxninissuial nuclei and 
their efferent tracts, or attempting to ansiver the question as to the role 
played by a lesion mvolving the ascending and descending tertiarj^ 
vestibular connections m the occurrence of decerebrate rigidity, certain 
anatomical-physiological data must be recalled As a result of the work 
of Caj al, who first suggested the possibdity, it was defimtely established 
m 1907 that vestibular nerve fibres pass right mto the nucleus tecti 
cerebeUi without any cell stations This was confirmed later by Villa - 
verde and TT AIlen(4) Wallenberg and Deqanells observed 
m birds, vestibular fibres passing to the lateral nucleus, whereas 
Trendlenburg, Marx and Frenhel contradicted this statement 
Smce this date (1907) I have repeatedly directed attention to the fact 
that a lesion of this roof-nucleus always brmgs about forced mo\e- 
ments m the vertical plane, characterised especially by a tendency to fall 
backwards with the head and eyes directed upwards In birds culbuta- 
tion backwards is pecuharly well marked Occasionally m the first feu 
days after the lesion has been performed, when compensation is not yet 
effective, forced movement m the opposite direction is seen, the animal 
falling forward or displaying forward culbutation In the case of forced 
movement in the vertical plane backwards and culbutation backwards 
I noticed an important pomt of difference from contrary-wise directed 
forced movements m the vertical plane — falhng forward or culbutation 
forward — and also from the other types of forced movements m the hori- 
zontal and frontal planes (these later types of forced movement I ha\ e 
already dealt with m earher papers, he cit ) It is this, forced movement 
backwards is always associated with an mcrease m muscle tone, especial!}^ 
of the extensors This may be due to the fact that the direction of the 
movement is agamst gravity while the forced movement in the opposite 
or forward direction is with gravity Purther, forced movements m the 
forward direction appear to be associated with a curious tendency to 
sleep 

It must be clearly reahsed that the centres and muscles invoh ed ui 
these two forms of forced movements in the vertical plane are not and 
could not be mirrors (Spiegelbild) one of the other, as is the case uith 
circus movements and roUmg movements In the case of cncus move 
ments the locomotion towards the right is really the complete “mirror ’ 
of the movement towards the left In the case of rolhng movements to 
either side the same holds true 

In discussmg the cause of the mcreased muscle tone found m forced 
movements backwards, whether these movements are brought about bv 
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a lesioa of tlie fastngial uudeiis (nuclens tecti) or of its liTpotlialaimc 
coraiecUonsi, most be xecalled tbat m a senes of expenmental hemi- 
sechoDS a tempoiaiy stifiness "vras fomd beterolaterally if tbe lesion •were 
antenor to the postenox commissme ox homolatexally if postenox to it 
Parther GxahamBroiviifoimd that ■when the caross-section of the imd- 
hxain of a monkey is stimnlated electrically m front of the postenox 
commissure^ conjn^ate demation of the head and 6yGS to the nnaSected 
side resnlted. The earher work of Enoll and Top olanski, on the other 
hand, proved that such stimulation apphed behind the postenox com- 
missure piodnced conjngate deviation of head and eyes to the affected 
side Further it is kno'wn that in a senes of hemisections of the bxam 
stem from the region of Deiters’ nuclens np-waxds the forced movements 
m the horizontal and frontal planes change m direction as soon as the 
postenox commissure is reached P) 

Is it possible with the available data to approach the sub]ect of de- 
cerebrate ngidity and discuss it profitably^ 

In such a discussion certam errors made by earher workeis can at 
least be avoided For example, the fact that the red nucleus and the 
bundle of Monakow, both promment neural entities, showed marked 
degeneration m cases of decerebrate ngidity, led to the conclusion that 
the red nucleus must be the principal factor m tbis phenomenoru ITot 
onlv does the case I shall proceed to describe oppose such a "new but the 
workof Bazett andP enfieldand Thiele also oppose such a conclusion. 
It must at the same time be admitted that as yet no cases of gennme 
decerebrate ngidity have been exammed where the bundle of ilonakow 
has entirely escaped degeneration. TVhv such a case is unlikely to occur 
has been suggested earher m this paper Finally m reptilians where the 
red nucleus is but very slightly developed, cross-section of the mid-bram 
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F Btcmcr Arch mterra! di Phyiol 19 p 192 1922. These reseaiches have 
pon* far to rcmoTe^v doubt as to the presence of mcreased muscle tone after lesion of the 
fMti^al nucle^ The possibilitv that this phenomenon of increased mnsde tone is not so 
ranch nss^ted with anv particular centre as with the movement itself evidenUv did not 
occur to the Trntct 
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produces a peculiar condition (5) very comparable ivith decerebrate 
ngidity in higher mammals (Fig l){d) 

From a general consideration of the evidence it is obvious that atten- 
tion must be concentrated on the work of von Gehuchten, Cajal, de 
Lange and Castaldi who agreed m the view that a set of nuclei exist 
about the postenor commissure which have been proved to be of 
pecuhar significance m relation to forced movements, and which are 
now recogmsed to be relay centres for the ascendmg secondary vestibular 
connections (refer to the work of Vogt(7) and EiesefS)) So far as is 
at present known about these nuclei it would appear that they are con- 
nected with a large number of ascendmg vestibular fibres but give rise 
to a very much smaller number of descendmg fibres These descending 
fibres are situated m the innermost part of the postenor longitudmal 
bundle and are probably possessed of a functional significance far supenor 
to their anatomical size As is known, even the most primitive type of 
vertebrates possess these cells and fibres and m some a particular gigantic 
nerve fibre — Mauthnerz’s fibre — does possess a very important function 
m relation to locomotion Van Gehuchten originally concluded from 
observations made m fishes and on the embryomc stages m higher 
animals, that the whole of the posterior longitudinal bundle was com- 
posed of such descendmg fibres Further it is known that the ascending 
and descendmg fibres of this bundle are the first to be provided with a 
medullary sheath 

Eademaker of the Utrecht school has all along been one of the most zealous sup 
porters of the theory that the red nucleus docs play nn important part in decerebrate 
ngidity TTis statement that a mid rentral incision m the base of the mid bram 2J mm m 
depth does not induce decerebrate ngidity, vhile a similar incision SJmm m depth does 
IS very important. At the same tune I am inolmed to consider the conclusion draivn b\ 
Eademaker not completely justified. It is a well known anatomical fact that the nucleus 
interstitialis lies in front of the antenor pole of the red nucleus but these two nuclei are 
not separate and distmot entities but merge one into the other It is therefore impossible 
to localise a lesion eiplicitly to the red nucleus m the way Eademaker suggests Farther, 
unless the animal has lived six or seven days after such nn experiment os that performed bj 
Eademaker, it IS impossible tooscertam by the osmic acid method whether the red nucleus 
has or has not escaped. One of his own cases (called “Black and white ) might be brought 
forward to support an argument that both the red nucleus and nucleus interstitialis play a 
part in decerebrate ngidity, but the objection docs exist that this annual did not live long 
enough after the operation, and the ngiditv was not classical in type Further, in Bade 
maker’s experiments the prelimmary operation alone produced as a rule forced move 
ments this m itself rather invalidates conclusions drawn from the second ojicration This 
IS more important because at the site of the preliminary operation the secondary vestibular 
connections fimsh and the tertiary begin, so that each lesion has m all probability a profoimd 
effect on both secondary and tertiary struotures. The experiments described by Bade 
maker, where traction wasmadc, ona thread fixed medially areintercsting, but unfortunate! v 
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the Bubiect oi experuneiit (A A) ^ kiUed daectly and no microscopic cTam^tion of the 
bram tissne made. In this case it can he supposed that the supra vestibnlw connec^ 
tions associated mth-certioal forced movement escaped. In the other tiro cases ( ‘Onset te 

and ‘ Kleme Zirarte ) Meynerts decussation mas certainly severed while there was no 
degeneration of Monakow s bundle, but the cases were not typical examples of decerebrate 
degeneration. In one case (Gnsette) the tr interstitio spinalis or Boyce’s tract was 
degenerated. This tract has cunously enough been called the tractus dorsalis In two 
other cases (B T and B P ) a permanent posture in the form of rotation round the axis 
existed, yet m these cases the correcting reflexes of the labvnnth were present This 
encourages me to think that my criterion for a possible lesion m the posterior longitudmal 
bundle (tendency to forced movement) is a better one, and gives a more exact test than 
the presence or absence of the nghtmg reflexes Where Bademaker criticises mv ex 
penments and mamtams that other lesions than those afiechng the posterior longitudinal 
bundle may cause forced movements, he merely adduces the fact that hemianoptio 
animals may deviate m the homontal plane This is sometimes the case with pigeons 
but it passes quickly and it is not vahd to compare a pigeon with cats and rabbits, the 
animals used in my research^) lluuxer and Wiener have shown the preponderance of 
optic impressions and the number of optic nerve fibres in pigeons greatly exceeds the 
number of all the other sensory fibres 

Further, in Rademaker a recent work on the anatomical exploration of the mid bram 
the sharp difierentiation of the different forms of forced movement is inadequately dealt 
with. In animals which survived for a sufliciently long period care was not taken to prepare 
sections stamed bv the ilarcbi method for demonstration purposes, neither were the micro 
scopio preparations so prepared as to mdicate clearly the left and right sides^ The same 
objections apply to the stimulation experiments of Graham Brownuo) In this case the 
red nucleus was stimulated and the effect on an ensting condition of decerebrate ngiditv 
noted. Here agam the proximity of commissural nuclei excludes the possibihty of a 
defimte decision. 

Langworthy studied the condition of decerebrate ngidity m very young animals as 
well as in some of the lower types He conceives of the art of walfcmg as the result of two 
component factors One is postural, a contraction of the extensor muscles overcommg the 
force of gravity and enahlmg the animal to stand, the other is progressive, and is achieved 
by rhythmic fiexion and extension of the legs Although the most important component— 
the act of fallmg forward— is omitted yet an important contribution is made to the subject 
In the young opossum cross section of the mesencephalon is followed first bv promment 
progressive movemenU which later in the life of the animal are replaced by a typical con 
dition of decerebrate ngiditv It is mterestmg to find that Langworthy calls the forced 
movement backwards which foUows cross-section of the secondary (crus antenor cerebelli) 
and tertiary (resection of both nuclei eaudaU) vestibular connections an accentuation 
of the postural reflex ’ 

From a general cousidcration of the whole problem it seems impossible to hold anv 
profitable discussion on the phenomenon of decerebrate ngidity without a true appreciation 
o( the tracts and structures associated with the forced movements, more especially those 
m the \crtical plane For example, how fallacious would the conclusions be drawn from 


• In order to distmgmsh the right and left sides m microscopical preparations it has 
been mv cu-stom for mans vears to make a smaU incision with a razor on the right mde of the 
. i^l surface of the bram stem and cord os soon ns the hardening with Muller a fluid has 
taken place, to make pcrfectlv cortam the horse hair used to keep the brain sections apart 
pierces the sections onli on the right side of the median Imc ^ 
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mesencephalio erpenments if no accoimt were taken of the known facts concerning the 
direotionoforrcnsandroUingmovementfl Thecaaedesoribedby Spiegel and Nikishawacu) 
illustrates this point Case 9 was an animal where the posterior longitndmal bundle had 
been severed on the left side The a nim al performed, qmte m accordance with my observa 
tions, circus movements to the right The authors now state that hemisection m front of the 
red nucleus causes mcreased unilateral tonicity of the muscles of the trunk and fore paws 
and that this mduces circus movements to the right Such apparently contradictory 
results are resolved when the effect of lesions of the postenor longitudmal bundle are 
considered. 

To establiBh the role played by the commissural supra-vestibular 
nuclei m the causation of decerebrate ngidity attention must be drawn 
to the foUowmg pomts 

1 Complete decerebrate rigidity ensues only if vestibular con- 
nections, lesion of which causes vertical forced movements, are severed 
on both sides 

In my case. No 242, which exhibited classical decerebrate ngidity, 
there was no lesion of either pyramidal tracts After this experiment it is 
superfluous to admit influence from the cerebral hemispheres^ 

2 The complete reversal of the physiological effect at the level of the 
postenor commissure must not be forgotten This is well demonstrated 
when a series of oral to caudal hemisections are made across the brain 
stem of a quadruped and the condition and localisation of partial and 
temporary ngidity noted, both on the side of the lesion and on the 
opposite side 

3 This reversal is also seen where m different animals the postenor 
longitudmal bundle is severed on one side Caudal to the postenor com- 
missure the ensumg circus movements are directed heterolaterally, 
rolbng however to the affected side, while the direction of both is 
reversed as soon as the postenor commissure is reached (2) 

4 Graham Brown found the same complete physiological reversal 
when oral caudal sections were made through the bram m primates when 
the area of the postenor longitudmal bundle was stimulated 

From a consideration of these data it is evident that section through 
the secondary and tertiary vestibular connections exerts a very defimte 
influence on the occurrence of decerebrate rigidity Especially a certam 
influence must be admitted by those tracts and structures, mjury of which 
results m forced movements m the \ertical plane A certam influence 
may be ascnbed to the red nucleus, but as yet proof of this assumption is 
not forthcommg 

1 The animal survived the lesion five days There were no signs of degeneration in the 
pyraoudal fibres, either ascending or descending, neither were the peduncnli cercbn 
injured. 
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■^ith all deference to the -?rork of Luciani, Horsley and Clark 
and many others, very little is as yet clearly nnderstood about cerebellar 
localisation and co-ordination. It is knoim that eren a superficial lesion 
of the cortex diminishes the faradic rmtabdity of the contralateral 
motor cortex (Kossi(i2), Bikeles, Muskens(i3)) 

further, it is knoum that decerebrate ngidity is inhibited by stimu- 
lation of the palseo-cerebellum It may even be admitted that the 
cerebellum has at least an influence on tome-postural phenomena 
(E 0 SSI and Simonelli(U)) In further study of the nature of cerebellar 
influence it uill be veU to distmgnish the essentially vestibular function 
of the fastigial nuclei from the purely cerebellar function of the dentate 
nucleus The cortex of the mid-lobe might conceivably serve as a relay 
station for both To analyse the influence of the brachinm anterior 
cerebeUi, and the cerebeUnm as a rrhole on decerebrate rigidity four 
different factors have to be recognised. These are 

(1) Gou-ers’ and Flechsig’sspmo-cetebellar tracts carrying propriocep- 
tive impulses to those parts of the cerebellum (paheo-cerebeUum) vrhich 
vrheu faradtsed produce meteased muscle tone (Horsley, Haclix alty, 
Bremer) 

(2) A secondary vestibular bundle leavmg the nucleus fastagu and 
passmg probably partly through and belov the lateral vnng of the 
postenor longitudmal bundle to reach the nucleus antenor of the 
thalamus The exact identity of this bundle and its postulated crossmg 
m the velum is as yet a matter of debate Probst and Luna described 
this tract as an “ accessonsche Bmdarm,” but van Gehuchten, 
W allenberg, Allen and others ate not convmced of its existence In 
birds, however, F r e nkel(i5) has put the existence of the tractus cerebello- 
diencephahcns as an uncrossed part of the brachium con]unctiTum be- 
yond doubt Physiologically speakmg some such connection must be 
postulated, for I have convmced myself that m several cats after cross- 
section of the brachium conjunctivum, particularly if the lesion be on 
both sides, forced movements m the vertical plane (staggermg, falling 
backwards opisthotonos, mcreased tone in extensors or occasionally 
falling forwards) ensued, ]ust as after a lesion of the fastigial nucleus 

(3) The prmcipal cerebellar bundle, r e tractus dentato-mbralis 

(4) That part of the brachium conjunctivum that is built up by the 
descendmg fibres which ongmate m the basal longitudinal bundle 
(Wallenberg) 

Tho case to which I wotUd draw attention is a cat m which on Mar 3rd, 1914 a lesion 
wa. affected on the lamina mednlW lateralis thalanu on the right sije. A degeneration 
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m Fore! s field followed, probably lesion of tho tractus pnllido comraissuraliB This lesion 
caused very little alfemtion m the behanoor of the animal except for some deviation in 
the horizontal plane 

In this operation the internal capsule escaped an^ injnrv this was proved by the absenre 
of degenerahon m tho pcs peduncnli On Mav 5th formol was injected in the endeavour to 
cause degeneration of the nuclei tecti This attempt succeeded so far both nuclei being 
affected, for the injection entered in the mid Imo between the two nuclei and degeneration 
was found in this commissure and both nuclei tecti After thislcsion thcammal demonstrateil 
backward movement retrograde oulbutation or creeping forward crouched low on the 
floor In this operation probably secondary vestibular (fastigial) fibres on both sides were 
interrupted. 

It was next (May 18) attempted to cut both basal longitudmnl bundles just in front 
of the posterior commissure by a deep mid ventral mcision (Figs 2, 3 and 4) 



Fig 2 Section showing most caudal part of mid bram lesion 

In this case all the vestibular connections associated with vertical movements wert 
severed. In tho eorlier operations tho lamina mcdullans extema on the right side and the 
commissure between both nuclei tecti ecrebelh were injured. The condition of dcccrcbmte 
ngidity which ensued after tho last vertical incision (Figs 2 3 and 4) (the pvramidal tracts 
being umnjured, the tr rubro spinahs showing no degeneration) was more striking than 
any demonstration of the phenomenon seen b\ mo cither m mj own or in Horsltv b 
laboratorv or elsewhere 

The condition lasted tho five davs which the ammal survived after the last operation 
but thcro were some alterations in posture ns indicated in Figs 5 o 6 c d If the 
limbs were moved passively thev invnnnblv regained the forced position with a curious 
spring like movement. 

In this case the red nucleus CMonakow s bundles showed no sign of change) and tlw 
pvramidal tracts escaped It was, however equally certain that in the final operation tin 
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mterahtial nnclens was injnred Thii u shown in Fig 6 where incipient degeneration in the 
closely adjacent traotns inteistitio spinalis on one side, and on the other side (Fig 7) in 



the fibres connecting the commissural nuclei and the globus pallidns is found (The bnc 
of section is directed more antenorly on the right than on the left side ) 

The interpretation of this case of decerebrate ngiditv appears to me to bo ns follows. 
The rigidity reached the supreme degree because the influence of both nuclei tecti was 
accentuated m the second operation bv the median mesencephalic mcision which produced 
a maximal degree of decerebrate ngiditv 

In this case therefore is an example of a double interruption of the secondare vestibular 
tracts, dcalmg with forced movements m the vertical plane and frontal plane, including 
tr interstitio spmalis 



Fig 6 Enlarged, pub o£ Rg 4. Shomng incipient 
degeneration of tr interstitio spinabs. 




Rg ~ 


Enlarged from Rg 4. 
nuclei towards glob 


Rbres ascending from commissural 
palbdns on the right side 
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"Witli sucli evidence ifc must be admitted tbat the part played by the supra vestibular 
connections m the production of decerebrate rigidity is very considerable This apphes 
especially to the ascending and descending bundles which are associated with movements 
in the vertical plane 

Sherrington has shown that removal of both labynnths does not mhibit decerebrate 
rigidity, and according to Berms and Spiegelno) even the destruction of Beiters’ nucleus 
and of the nucleus rami descendens vm is compatible with the existence of decerebrate 
rigidity If, however, the anterior spmal column is mterrupted decerebrate rigidity breaks 
down on the affected side In such a case the descending tracts from the commissural 
nuclei (especially the tractus interstitio spinalis) or Boyce’s tract are probably involved 


SUMMABY 

1 In former publications on decerebrate rigidity the writers have 
dealt with the subject prmiarilv as physiologists, anatomical considera- 
tions coming second 

2 Forced movements backwards in the vertical plane, whether 
caused by a lesion of the primary vestibular centre, by section of the 
ascending secondary connections, by lesion of the supra-nucleax centre 
near the posterior commissure, or its palseo-stnatal connection are 
probably always associated with a certam amount of ngiditv, recallmg 
Sherrington’s “composite posturgl reflex, the antigravity muscles 
counteracting the super-mcumbent weight ” 

3 From different observations it is seen that there is a complete 
reversal of physiological effect at the level of the posterior commissure 

(o) In a series of oral to caudal hemisections across the bram-stem of 
a quadruped temporary ngidity, homo- and hetero-lateral, is noted 

(6) If an mcision is made m the region of the postenor longitudmal 
bundle forced movements in the frontal and honzontal plane are directed 
reversely, accordmgly as the mcision is on the caudal or oral side of the 
commissure 

(c) The same complete reversal is observed after faradic stimulation 
of the same region, when oral-caudal sections are made through the bram 
of primates 

4 Since section of the pyramidal tract has probably nothmg to do 
with the origin of decerebrate rigidity, and as the nucleus ruber is fre- 
quently found mtact, the part played by the supra- vestibular connections 
in the production of the phenomenon may be supposed to be considerable 
This apphes especially to the ascendmg and descendmg bundles, lesion 
of which IS associated with forced movements m the vertical plane 
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THE blood-pressure REFLEXES OF THE RABBIT 
UNDER URETHANE AN-ffiSTHESIA 

By HOWARD FLOREY and H M MA'RYW (FeUmo of the 
John Simon Guggenheim Memorial Foundation) 


[From the Hale and Dunn ainical Laboratories, London Hospital ) 

Ubethand is an ansesthetio very frequently used eith^alone or m 
combination mtb other drugs for irork on rabbits The foUoivmg 
observations ^vere made m the course of some , 

cerebral circulation, vnth special reference to the reflex from the caroti 

ffiTius extensively described by H E Hering{i) 

BnS. acco^dmg to this author, this reflex is concerned vnth the 

leeulatio^ of the general blood-pressure level and is subserved y a 
diict nerve-the smus nerve Stimulation of the smus region or 

the nerve results m a faU of blood-pressure 

Hering m his monograph, gives many tracmgs from rabbite, 
ft t,id at least narti^, with urethane It is the purpose of this 
^oSni^taon to pomt out that the effects of this anesthetic comphcate 

dx"™ tern .xpen^ente .. blood-pxex.™ xdiexes m 

mdebted to Stt Ck.rle. Sber.mgton for pomtoog oat to us 

per kilo of 2Tp c solution was slowly mjected mto an ear vein 
76 grm. per kh f Tanidlv For operative procedures 

■« tb"! eLnmeua ou te.ct.ons obtamed from the o.rot.d 
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given, but was discontinued after the complete setting up of the pre- 
paration as it was found that the urethane provided adequate, though 
light, aniestheaa It was m this condition that the tracmgs appended, 
were obtained When the effects of stimulation were to be compared 
with those obtamed under ether alone, the depth of anaesthesia was- 
regulated so as to be as nearly as possible the same as under the urethane, 
Sollman and Br own{2) were the first to describe the fall of systemic 
blood-pressure consequent on traction on the penpheral end of the commou 
carotid artery This can be very easily verified m dogs and cats (under 
ether) and rabbits, and the mechamsm has been analysed by Hering 
It IS present m the rabbit even under ether ansesthesia, but the accom- 
panying tracmg (Fig 1) demonstrates the remarkable effect of the change 



peripheral end of common carotid artery Tracing 


from ether to urethane anesthesia 
measured m the femoral artery ) 

PH 


(In all cases the blood-pressure was 


22 
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With ether, traction on the penpheral end of the left common 
carotid artery produces a shght but perceptible fall With urethane 
there is a very marked fall That is to say, the urethane has “sensitised ” 
the reflex, present to a shght degree under ether 

Fig 2 demonstrates the same mechanism usmg inflation instead of 




Sicoi 

Urtthfcrtc. 




Kg 2 Kg 3 

Fig 2 Rabbit Shoivs no effect £rom distension of the sinus caroticus under ether 
A pronounced fall from the same procedure irhen urethane is substituted 
Fig 3 Babbit. Urethane Traction on the central end of the cut brachial plexus 
Shows depressor effect and slowing of the heart Time m seconds 


‘ traction as a mode of stimulus In this experiment the mtemal carotid 
tvas tied as near the skuU as possible The external carotid was tied well 
above the bifurcation and all the small arterial branches visible in the 
neighbourhood were hgated The smus region was then inflated with 
sahne through a syrmge connected to a cannula inserted headwards 
into the common carotid artery Under ether anaesthesia there was no 
perceptible reaction durmg inflation When the change had been made 
to urethane a pronounced fall accompamed the distension It was also 
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found tliat traction on tlie central end of the cut brachial plexus ivould 
produce, under urethane, a iveU-marked fall of pressure This fall could 
be ehated after the removal of the stellate ganghon and the cutting 
of both vagi in the neck, or the administration of atropme However, 
with the vagi mtact there was also a slowing of the heart (Eig 3) 
Under ether, traction on the plexus produced either a shght nse of 
pressure or no effect 

An mterestmg pomt associated with this depressor effect is the 
spontaneous recovery of the blood-pressure level which takes place 
despite the contmuance of the stimulus (stretch or faradisation, !Fig 4) 



Fig o 


“ Fig. 4. 6 

ance“ T St ““ 

stimulation. Tune m seconds tJrethane. The same effect mth faxadie 


22—2 
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Traction on the central end of the subclavian artery was also found to 
produce a fall of pressure under urethane (Pig 6) but this was analysed 
as being due to the traction on the artery bemg transmitted to the 
adjacent brachial plexus Traction on a muscle m the rabbit (opening 
the jaws or stretching the quadnceps femons) gives no effect or a rise 
in blood-pressure under ether ansesthesia When however urethane has 
been substituted a depressor effect is obtained (Pig 6) 



Fig 6 Babbit. Under ether traction on the qnadneeps femons produced, m this case 
a nso of pressure When urethane was substituted for ether there was a fall of 
pressure from the same procedure Tune m seoonds 


Fig 7 shows the result of faradisation of the central end of the femoral 
nerve with urethane anaesthesia There is a considerable fall of blood- 
pressure 

It IB clear, from the tracings and explanation given, that urethane, 
even when only producing light anaesthesia, is capable of influencing 
the rabbit’s reactions so that depressor effects are obtamed from a 
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vanefcv of stimuli- The expenments hercm descnbed offer no explanation 
85 to the mode of action of the urethane but, in view of the widespread 



Tig 7 Rsbbit. Vrtthzn'- Shtrws the depiessot effect froia 
stimnlation of the central end of the femoral norre 

use of this drug, it was thought desirable to call attention to this 
disturbing factor m the evaluation of results 

SujDUEY 

"Under urethane anesthesia a variety of stimuli, m the rabbit, produce 
depressor refietcs which are slight or absent under ether ansesthesia 

This vorf' rra5 don'* lir H- F Trbffe rrorkmg tmder the Fre--dotii Eesearch Fond of the 
London HorpiUL 
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THE ORIGIN OF THE GLUCOSE IN THE HYPER- 
GLYCiEMIA INDUCED BY PITUITRIN 

By G A. CLARK 


{From the Physiological Laboratory, Sheffield University ) 

The injection of extracts of the posterior lobe of the pituitary either 
intravenously or subcutaneously into a normal animal produces usually 
an increase in blood-sugar 'which may last from one to two hours or, m 
some cases, longer, dependmg on dosage, and the type and condition 
of animal, occasionally the hyperglycsemia is neghgible and m a few 
mstances the blood-sugar has been found to fall (i, 2 ) While it is accepted 
that the usual action of pituitrm^ is to produce hyperglyceemia, there is 
no sa'tisfactory evidence to show how the effect is brought about 
Moehlig and Ainslie(3), however, have suggested that the source of 
the additional sugar is the muscle glycogen, which they beheve may be 
hberated in an mdirect manner by the action of pitmtrm on the supra- 
renals If pituitrm can set free glycogen from the muscles m this way, 
it appeared that the decerebrated, eviscerated ammal was a smtable 
preparation m which to mvestigate the problem 

The preparations were made from cats accordmg to the method 
described by Burn and Dale(4) and the contmuous glucose mfusion 
apparatus of these authors was used 'to mamtam as nearly as possible 
a constant blood-sugar level prior to the mjection of pitmtrm, glucose 
mfusion was contmued throughout the experiment at the same rate The 
concentration of the solution was 1 5 p c and the rate of mfusion required 
varied m different animals from 1 c c m 2 9 mins to 1 c c m 4 nuns 
The temperature of the preparation was mamtamed by means of an 
electrically heated table, hot water bottles and smtable felt ivrappmgs 
which formed a tent over the animal and contamed a warmmg bulb 
Blood for sugar estuna-tions was withdrawn from one femoral vem and 
pitmtrm mjections were made mto the femoral vem of the opposite bmb 
The dose of pitmtrm was m every case 1 c c 

1 The pituitan used and referred to throughout the paper is the preparation issued 
under that name by Parke, Davis and Co 
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From Table I it is seen that in no experiment was the sugar level 
raised by pitnitrm but, on tbe contrary, a very defimte fall was produced 
This fan was not evident tdl tbe second balf-bour m some cases while 
m others it was apparent durmg the first half-hour after pituitnn Control 
experiments m which no pitmtrm was given showed no such abrupt 
changes in sugar level over the same period of time (Erps 7 and 8) 


Exp Horns 

1 
2 

3 

4 
6 
6 

7 (control) 

8 (control) 


Table L 


Before pituitnn 


’ 1 

'i 

\ 

0 

33Q 

320 

310 

242 

238 

230 

294 

291 

288 

250 

253 

254 

204 

210 

218 

418 

419 

426 

326 

321 

314 

262 

268 

265 


After pitmtrm 


i 

1 

1 

u 

266 

231 


219 

206 

194 

288 

259 

— 

250 

206 

197 

223 

210 

200 

412 

348 

325 

311 

305 

296 

267 

264 

270 


In every case except Exp 6 the suprarenals and their blood-supply 
were left mtact, m Exp 5 the glands were excluded from the circulation 
by a pedicle hgature, without m anyway altermg the subsequent response 
to pituitrm The sudden mcrease in the rate of fall of glucose concentra- 
tion m this senes of experiments may be explamed by (a) dilution of the 
blood, (b) mcreased oxidation of glucose, or (c) buildmg up or decreased 
breaking down of muscle glycogen 

In support of the first of these possible explanations there are the 
observations of Craig(5) on human bemgs and of Underhill and 
Pack (6) on dogs that the admmistration of pituitary extract m con- 
junction with the exhibition of large quantities of water does cause a 
dimmution m haimoglobm content of the blood, while Partos and 
Katz-Klein(7) obtamed a defimte dilution of the blood m rabbits as 
a result of the m^ection of pitmtary extract and showed that this dilution 
may mask the hyperglycsemia usually seen m the mtact animal In the 
present senes of experiments the hsemoglobm content of the blood was 
detemuned at mtervals before and after pitmtrm m three preparations 
and m two of them hlood-sugar estimations were made at the same tune 
The results are shown in Table 11 

It is obvious that m Exp 4 blood dilution cannot account for the 
observed fall m blood-sugar and that m Exp 9 the 5 p c dilution fol- 
lowing the mjection of pitmtrm would he msufficieut to account for the 
fall of sugar concentration m any of the experiments m Table I In 
Exp 6 where the concentrations of both sugar and hsemoglobm are seen 
to fall after the dose of pitmtrm it is necessary to examme the changes 
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Table IL 

Before pitmtnn 

A 

After pitmtrm 

_ A 

Erp Hours 

r 

1 

i 

0 

' i 

1 

V 

li 

4 HsemogL p c 

68 

70 

69 

68 

67 

64 

Glucose 

250 

263 

254 

250 

206 

197 

6 Hsemogl p c. 

88 

87 

85 

82 

76 

73 

Glucose 

418 

419 

420 

412 

346 

325 

9 Hsemogl. p o 

— 

60 

67 

66 

64 

64 

Glucose 

— 

— 

— 

. — 

— . 




more closely If curves are dravTi to siow the percentage change m the 
mitial concentrations throughout the experiment (Fig 1) it is seen that 
before pituitrm ivas mjected the sugar concentration was rising shghtly 
and the haemoglobm faUmg, both changes clearly the result of the m- 
fusion of sugar solution After pitmtrm had been mjected the sugar 
concentration fell more rapidly than that of the hsemoglobm^ It is 
■difficult to see how dilution of the blood by tissue flmd could account 
for this The flmd m the tissue spaces would contam no haemoglobm, 
but at any rate some sugar, an amount of sugar, m fact, dete rmin ed by 
the amount m the blood Unless, therefore, the capiUanes can take up 



Hours before pitmtrm Hours after pitmtrm 

Blood sugar HtemogI 

Pig 1 


flmd from the tissue spaces m such a way as to exclude the sugar which 
that flmd contains, a supposition for which no evidence exists and which 

1 I am mdebted to Jlr A- Spencer for carrymg out hiemoglobm estimations 
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it IS very difficult to allow, tlie dilution of the blood by tissue fluid must 
lower the concentration of hsemoglobm more than that of the sugar 
The figures m this experiment and the curves m Fig 1 show that, on 
the contrary, the concentration of sugar after pituitrm even m this 
experiment is lowered more than that of the heemoglobm The fall of 
blood-sugar therefore caimot be accounted for by blood dilution What- 
ever be the cause of the disappearance of glucose from the blood m 
eviscerated animals followmg the mjection of pitmtrm, it is obvious that 
the muscles are not the source of the additional sugar m pituitrm hyper- 
glycsemia Whether pituitrm has any specific action on carbohydrate 
metabohsm m muscle is not known, but the experiments of Ahlgren(6) 
suggest the possibihty Usmg Thunberg’s methylene blue method for 
measurmg tissue oxidation, he showed that some samples of hypophyseal 
extract defimtely mcreased the oxidation processes m muscle, with other 
samples he found a decrease 

The results so far descnbed are of mterest m view of the findings of 
Tingle and Imrie(9) that pitmtrm temporarily lowers the blood-sugar 
m diabetics Moreover, m two of the cases reported by these authors 
there is a further similarity m that the fall was not evident till the second 
half-hour 

Further confirmation of the view that pitmtrm cannot hberate 
glucose from the muscles was obtamed m three experiments on the 
decerebrated and eviscerated cat m an attempt to demonstrate the 
antagonism between pitmtrm and msulm 1 c c of pitmtrm was mjected 
mtravenously half an hour after the administration of 7 chmcal units 
of msulm It 13 evident from Table III that m no case is the rate of faU 
of blood-sugar retarded by the pitmtrm 

Tabie m. 

Before insubn 

Ejcp HoniB 1^0 

10 213 204 106 

11 276 284 292 

12 305 321 341 

The abrupt nse m sugar lei el followmg the mjection of pitmtrm m 
the normal ammal suggests a sudden glycogenolysis rather than a 
temporary suppression of the normal rate of utilisation of glucose It was 
natural therefore to consider the hi er as the possible seat of action For 
this mv^fagation cats under amytal aneestbesia were used, the hver was 
excluded from the circulation by anastomosmg the portal vem with the 


After insnlm 


i 

1 

n 

174 

133 

109 

254 

222 

204 

274 

248 

_ . 
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BILE SALTS AND SECRETIN AS CHOLAGOGUES 
By J MELLANBY 


{From the Sherrington School of Physiology, St Thomas’s Hospital, 

London ) 


The hypothesis of the circiilatioH of the bile is founded mainly on 
observations made by Schif f (i) m 1868 Schiff established, m dogs, 
a large fistulous openmg between the surface of the abdomen and the 
gall bladder without the common bde duct bemg ligatured Under these 
cncumstances the bile usually flows externally as long as the exit is free 
If, however, the cannula fitted mto the fistula be closed, then the bde 
flows mto the mtestme Such fistulse were called “amphibohc ’ by 
Schiff He found that the (quantity of bde obtamed m a given period 
from the fistula was always much greater immediately after the bde had 
been allowed to flow mto the mtestme than when it had been allowed to 
flow externally Further, he observed that the mtroduction of bde salts 
into the mtestme through a duodenal fistula mcreased the total quantity 
of bde secreted Upon these facts Schiff based his hypothesis of the 
circulation of the bde— that a portion of the bde absorbed from the 
mtestme, on reaching the hver m the portal blood, supphes the material 
for a fresh secretion of bde 


In 1902 Bayhss and StarhngP) showed that the mtravenous 
injection of secretm freed from bde salts caused not only a copious 
secretion of pancreatic jmce, but also doubled the rate of flow of bde 
from the hver In the experiment quoted the spontaneous secretion of 
bde was 27 drops m 15 mm , this was mcreased to 42 drops m 12 mm 
after the mjection of the secretm solution 


In 1924 IP) show^ that the mtroduction of bde of an adequate 
reaction mto the duodenum of a cat caused a large secretion of pan- 
creatic juice extending m some cases over a period of three hours An 
analysis of this phenomenon showed that the immediate stimulus to the 

absorbed bde salt 

M I A ^^“"“^^"^“tions mdicated that fie mcreased 

d inrl ' ^ ° u mtroduction of bde mto the 

duodenum might have been due to the action of secretm on the hler 
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into tke duodenum of a cat The cat iras m a fasting condition and, as 
ptevionsly descnhed, it i^as necessary to add bicarbonate to the bile to 
evoke a secretion of pancreatic jmce There iras no spontaneous secretion 
of pancreatic juice , that of the bile iras 10 drops per hr Thirteen nunutes 
after the mjection of the dilute bile, both pancreatic jmce and bile vrere 
secreted at a rapid rate The foUomng figures give a synopsis of the 
results 



Pancreatio 


Tune 

jmoe 

Bile 

(hr) 

(drops) 

(drops) 

Irt 

70 

58 

2nd 

54 

62 

3rd 

9 

15 


Total ]tuce — 5-8 c.c in 3 hr Total tile — 5-0 c c. in 3 hr 

After 3 hr the fioir of pancreatic jmce ceased and the bile floiv 
diminished to its spontaneous rate — 10 drops per hr The experiment 
offers an ade(juate demonstration of Schiff s statement that the entrance 
of the bde mto the duodenum causes a flovr of bile But it does not 
justify the conclusion that the mjected bde is the immediate cause of the 
moreased bde flovr from the hver In fact the parallelism of the secre- 
tions of pancreatic jmce and bde appear to suggest that both secretions 
are due to the same cause — ^the passage of secretm into the blood 

(2) Tfie injection of bile into the ileum The hypothesis that secretm 
IS the immediate excitant of biliary secretion after the mjection of bde 
mto the duodenum vras tested by direct experiment In the carnivorous 
animal the deum is practically free from secretm. Therefore, if the ab- 
sorption of bde mjected mto this part of the mtestme is foUoived by an 
mcreased secretion of bde from the hver, it is evident that secretm 
cannot be regarded as the sole agent m the secretion of bde Slightly 
acidified bde (2 c c ox bde, See XaCI 09pc,005cc HClfN)) vras 
mjected mto the deum of a fed cat After 26 mm. bde vras rapidly 
secreted at the folloiving rate 


Bfle (drops) 
6 
12 
2-1 
30 
4S 
60 


ilia. sec. 
6 50 
15 10 
32 35 
51 2 

70 0 

96 0 


The mcreased secrehon of bde contmned for 2 5 hr during vrhich tune 
3 c c of bde were secreted There vras no secretion of pancreatic jmce 
during the whole of this time. It is evident therefore that the hver 
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cells in a manner comparable to tbe action of secretm on the cells of the 
pancreas This hypothesis 17001(1 correlate the observations of Schiff 
■with those of Bayliss and Starling and would ezplam why substances 
so dissimilar as bde salts and secretm stimulate the hver cells to secrete 
bile 

Experimental Methods The majority of the results recorded were 
obtamed from experiments on cats In certam instances rats, which 
possess no gall bladder, were used as the experimental animals AU the 
animals were ansesthetised by a hypodermic mjection of veronal (0 4 grm 
per kdo of body weight) During the prelimmary operations, chloroform 
was given, especially m the case of old cats m which the anaesthetic effect 
of veronal is delayed Cannulie were tied mto the gaU bladder, the 
common bde duct, and the pancreatic duct Intravenous mjections 
were made by means of a cannula tied mto the nght femoral vem and 
arterial blood-pressure records were obtamed from the femoral or carotid 
artery The rates of secretion of bde and pancreatic jmce were tuned by 
a stop watch 

The natural flow of freshly secreted bde m the cat is from the hver 
down the common bde duct If, however, the path down the common bde 
duct IS obstructed, either through the contraction of the duodenal muscle 
round that portion of the duct which passes through the mtestmal wall 
or through some other cause, then the bde is diverted along the cystic 
duct to the gall bladder When a cannula is placed m the common bde 
duct there is no obstruction to the flow and the freshly secreted ddute 
bde may be collected from it This fact is of importance smce a funda- 
mental difficulty m determining the factors responsible for the secretion 
of bde is the presence of a gall bladder, capable of considerable variations 
m capacity, on the path of the secretion The constancy of the level of 
bde m the cannula tied mto the gall bladder showed that all the bde 
secreted by the hver passed directly down the common bde duct Results 
obtamed from animab m which the secreted bde came from the gad 
bladder owing to some obstruction m the common bde duct were re- 
jected The spontaneous variations m the capacity of the gaU bladder 
are so considerable that such observations on bdiary secretion over 
definite mtervals of time are unrehable 

Bile as a Cholagogue 

(1) The injection of bile into the duodenum The foUowmg figures give 
the amounts of bde and pancreatic jmce secreted after the mjection of 
ddute bde (2 c c ox bde, 7 c c NaCl 0 9 p c , 1 c c NaHCOg 1 6 p c ) 
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into tlie duodenum of a cat Tte cat -was in a fasting condition and, as 
previously descnbed, it was necessary tn add bicarbonate to tbe bile to 
evoke a secretion of pancreatic ]mce Tbere was no spontaneous secretion 
of pancreatic juice , that of tbe bile was 10 drops per hr Thirteen nunutes 
after the mjection of the dilute bde, both pancreatic jmce and bile were 
secreted at a rapid rate The following figures give a synopsis of the 
results 


Pancreatic 


Tune 

(hr) 

jmee 

(drops) 

Bde 

(drops) 

Ist 

70 

58 

2nd 

64 

62 

3rd 

9 

15 


Total juice — 5 6 c.c m 3 hr Total tile — 5 0 c.c in 3 hr 

After 3 hr the fiow of pancreatic juice ceased and the bile fiow 
diminished to its spontaneous rate — ^10 drops per hr The experiment 
ofiers an adequate demonstration of Schif f ’ s statement that the entrance 
of the bile mto the duodenum causes a flow of bile But it does not 
justify the conclusion that the mjected bde is the immediate cause of the 
mcreased bde flow from the hver In fact the parallelism of the secre- 
tions of pancreatic jmce and bde appear to suggest that both secretions 
are due to the same cause — ^the passage of secretm mto the blood 

(2) The injection of bUe into the ileum The hypothesis that secretm 
is the immediate excitant of bdiary secretion after the mjection of bde 
mto the duodenum was tested by direct experiment In the carnivorous 
animal the deum is practically tree from secretm Therefore, if the ab- 
sorption of bde mjected mto this part of the mtestme is followed by an 
increased secretion of bde from the hver, it is evident that secretm 
cannot be regarded as the sole agent m the secretion of bde Shghtly 
acidified bde (2 c c ox bde. See NaCl 09pc,005cc B;G1(N)) was 
mjected mto the deum of a fed cat After 26 mm bde was rapidly 
secreted at the fodowmg rate 


Bn® (drops) 
8 
12 
24 
38 
48 
60 


Mm. Beo 
6 60 
15 10 
32 35 
61 2 
70 0 

96 0 


The mcreased secretion of bde contmued for 2 5 hr during which time 
3 c c of bde were secreted There was no secretion of pancreatic imce 
during the whole of this time. It is evident therefore that the hver 
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secretes bile after the injection of bile into the small mtestme qnite in- 
dependently of the absorption of secretm mto the blood The resnlt does 
not exclude secretm as a stimulus to the biliary activity of the hver, but 
it proves that the secretion of bde may be augmented mdependently of 
the passage of secretm mto the blood 

(3) The xntravenoiis injection of extracts of ileum The previous results 
mdicate that two secretms may exist, one for the pancreas, and the other 
for the hver, and that whereas the former is hmited to the duodenum, 
the latter may extend along the whole length of the small mtestme On 
this hypothesis bde salts absorbed from the duodenum carry both 
secretms mto the blood and cause the secretion of both pancreatic juice 
and bde, whilst bde salts absorbed from the deum carry the hepatic 
secretm only mto the blood and hence cause the secretion of bde only 
This hypothesis was tested by makmg extracts of the mucosa of the 
ileum with various solvents (water, alcohol, ddute acid, ddute alhah, 
0 9 p c NaCI, etc ) and observmg the effects of the mtra venous mjection 
of these extracts on bdiary secretion In no case was there any mcrease 
m the bde secreted Exhaustive experiments gave no evidence m support 
of the hepatic secretm hypothesis 

(4) The intravenous injection of bile The foDowmg experiment showed 
that the action of bde m the mtestme as a cholagogue is directly due to 
the absorption of bde mto the portal blood 1 c c of ox bde dduted with 
6cc of09pc NaCI was mjected mto the femoral vem of a cat The 
spontaneous secretion of bde was at the rate of 16 drops per hr 


B 


Tune 

A. 

Bile secreted 

Spontaneous 

secretion 

(nun.) 

(drops) 

(drops) 

16 

8 

4 

30 

23 

8 

45 

36 

12 

60 

46 

16 

90 

63 

24 


Column B is inserted so that the amount of bde secreted after the mtra- 
venous mjection of bde (column A) may be compared with the quantity 
which would have been secreted spontaneously owmg to the contmuous 
activity of the hver The figures show that the mtra venous mjection of 
bde (1 c c ) mcreased the secretion of bde for 1 hr , a threefold mcrease 
bemg recorded m the first 46 mm 

(6) The intravenous injection of sodium cholate An analysis of the 
above experiment shows that cholahc acid is the substance present m 
bde which stimulates the hver to secrete more bde The effect on bdiaiy 
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secretion of tte rntrarenons injection of 0 1 grm of cholalic acid, dis- 
solved m dilute NaOH, is given m the foUovnng figures 

Spontaaeons 

■Eime Bile secreted secretion 

Imin.) (drops) (drops) 

15 10 2 

30 24 i 

45 41 ® 

60 48 S 

The enhanced secretion of bile terminated after 1 hr as m the previous 
experiment In these last tno experiments the spontaneous secretion of 
bile ivas small smce the cats ivere m a fasting condition. 

The results of the experiments described m this section show that the 
absorption of bile salts (cholahc acid) from the mtestme mto the blood, 
apart from the synchronous absorption of pancreatic secretin {or hypo- 
thetical hepatic secretm), mcreases the amount of bile secreted by the 
liver The experiments fully confirm Schif f ’s ongmal hypothesis of the 
cuculation of the bile 


Secbetix as a Cholagogue 

Bayliss and Starling showed that the mtravenous mjection mto 
a dog of secretm contamed m a 0 2 p c HCl extract of the duodenal 
mucous membrane doubled the secretion of bile by the hver Bde salts 
were removed from the duodenal mucous membrane by alcohol before 
makmg the secretm extracts My experiments mdicate that secretm is 
contamed m a preformed condition m the duodenal mucous membrane 
and is at least as soluble m alcohol as bile salts Therefore, m view of the 
marked cholagogue action of 0 1 grm of cholahc acid (cf supra), it 
appeared advisable to detemune the capacity of purified secretm to 
cause a secretion of bde 

(1) Properties of purified secretin 1(4) have previously given a brief 
description of the method by which purified secretm may be obtamed 
The preparation possesses a high degree of activity when tested on pan- 
creatic secretion It contains no trace of bde salts and has no action on 
the general blood-pressure This latter fact is of importance smce changes 
of blood-pressure that alter the amount of blood m the hver might 
duectly brmg about the retention or expression of bde from the bde 
canabcuh and ducts 

(2) The inlraienom injection of secretin This preparation of secretm, 
when injected mto the blood stream m sufficient quantity to produce 
a large flow of pancreatic jmce, augments to a small degree the secretion 
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secretes bile after the injection of bile into the small mtestme qmte m- 
dependently of the absorption of secretm mto the blood The result does 
not exclude secretm as a stimulus to the bihary activity of the hver, but 
it proves that the secretion of bile may be augmented mdependently of 
the passage of secretm mto the blood 

(3) TTie intravenous injection of eoctracts of ileum The previous results 
mdicate that two secretms may exist, one for the pancreas, and the other 
for the hver, and that whereas the former is limi ted to the duodenum, 
the latter may extend along the whole length of the small mtestme On 
this hypothesis bile salts absorbed from the duodenum carry both 
secretms mto the blood and cause the secretion of both pancreatic juice 
and bile, whilst bile salts absorbed from the deum carry the hepatic 
secretm only mto the blood and hence cause the secretion of bile only 
This hypothesis was tested by makmg extracts of the mucosa of the 
ileum with various solvents (water, alcohol, dilute acid, dilute alkah, 
0 9 p c NaCl, etc ) and observmg the effects of the mtravenous mjection 
of these extracts on bihary secretion In no case was there any mcrease 
m the bile secreted Exhaustive experiments gave no evidence m support 
of the hepatic secretm hypothesis 

(4) The intravenous injection of hile The foUowmg experiment showed 
that the action of bile m the mtestme as a cholagogue is directly due to 
the absorption of bile mto the portal blood 1 c c of ox bile diluted with 
6cc of09pc NaOl was mjected mto the femoral vem of a cat The 
spontaneous secretion of bde was at the rate of 16 drops per hr 


B 



A. 

Spontaneons 

Tune 

Bile secreted 

secretion 

(mm.) 

(drops) 

(drops) 

16 

8 

4 

30 

23 

8 

45 

36 

12 

60 

46 

16 

60 

63 

24 


CJolumn B is mserted so that the amount of bde secreted after the mtra- 
venous mjection of bde (column A) may be compared with the quantity 
which would have been secreted spontaneously owmg to the contmuous 
activity of the hver The figures show that the mtravenous mjection of 
bde (1 c c ) mcreased the secretion of bde for 1 hr , a threefold mcrease 
bemg recorded m the first 45 mm 

(5) The intravenous injection of sodium cholate An analysis of the 
above experunent shows that cholahc acid is the substance present m 
bde which stimulates the hver to secrete more bde The effect on biliary 
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vnn of II faHinj; owf Thf fponUmPom ("^rolion of v.ib at ttic ratp 
of 4 4ro}.- of hii- p<T hr Tfi** riuanf.ti'*^ of paricr^iti'- )uko and fnl^ and 
fh" hiUni [K'nodK hatv/or'n th'' injortion of a-^rr'din and th*' ptart of th<* 
ration of panrraaiir jijk and Uip m**rpa«-<Kl pporation of bile, arc given 







T>»t>=nl 


}U"/riiri 

Pan'TSitt* 

fftvA 

ViU 

pen's! 


Itn/rm ) 

jul/je 

(at in) 

(min 1 

Icl iftprMm 

O'! 

ill ilrow ill 
?/) min 

r/i 

n dcnie In 
,U min 

10 

Hud iny/-iion 

Cl'< 

HI ilrijjw HI 
?<t min 

i'l 

13 iJrojpi in 

4H min 

10 

ird injvXi/M 

O’) 

M rlrii(« In 
win 

i'i 

H ilmp« in 

42 min 

r, 


The f ition of bile i orroUan after varying timerf {^2 mm , 40 mm and 
42 min ), and the long latent period before a frcRh injeftion of pecretin 
mifiate/J a nnev-ed flov/ of bile, offered pome support to the hypotbeaih 
of thr m'<^hanaal eypiibion of bi|e from the fanalifiili in the liver 

In order fo ohfain other evidence heanng uiwn thia hypothcria an 
' ypf rirrif rif v,,ii‘ done m vhuh injections of pe/relin (0 1 mgrm ) v.ere 
r^ p< ifed ever| '10 miri , that ib, at mterval« of time during v,hich the 
ajif) irerd ( liolagogiie action of perrelm manifeptfi itself On the meojiani' 
cal hyfioth'j'iK of the action of iiecretin sueeesKive mjec-tiona, whilst pro- 
dm ing the i ime cpiantity of yianc realie juice, nhoiiM jiroduc e diminishing 
cpiantif I' ' of hil' 


Time i/f 

Pmiiaeilt' 


fnl'-'-ti'in 

Jill'S 

I'll' 

(t» m ) 

(ilrnjm) 


2'IC| 

m 

21 

>11 

17 

2C) 

3 SI 

l« 

2C| 

4 0 

20 

21 

-1 Si 

20 

21 


'I he ('(lonlaneoiiH i'e< retion of bih v.bb at the rate of 10 drops m 'fj min 
The Kinstaiuy of th< angm'nU'd i-e/ retion of bde (If) drops every 
T) mm ) pro/fd that tfiia augmented secret ion v>aK not secondary to 
some rn'c hariical ac lion, c itlmr vascular or cellular, hy which prc*vioual> 
(‘(f reted hii< contniied in the bde futialifuh or cfucta was srpjec/ed out 
of till live r 

(r>) HnnwM of mall timittia The long latent period wlneh ehphCK 
bet V c-en till mjee lion of sc cre tin and tin* aiigmc nlition of hiliary sec re- 
lion ('"mill to indiiatc that fh' clicjiagogue action v m seeondiry to an 
I flea till some (lU)cr tissiii An apparent merecu'e m inleKtina! move- 
tni nt)' afli r t h' inlr uc noun injc aion of sc i retin Kiiggestcd that acc c fer- 
al id cdi^orjition into lli' blood of bi)i salts contairu cl in llm small inleBtme 

23 -2 
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of bile by tbe bver Tbe small increase m tbe bile flow is mvariably pro- 
duced whether the spontaneous secretion of bile is large or small The 
following figures show the effect on the secretions of pancreatic jmce and 
bde of an mjection of 0 1 mgrm of secretm (dissolved mice HjO) mto 
the femoral vem 


Tune 

Pfinoreatic 

Bde (A) 

Bde (B) 
spontaneous 

ituce 

(drops) 

secretion 

(mm.) 

(drops) 

(drops) 

6 

12 

4 

3 

10 

26 

0 

6 

16 

37 

13 

9 

20 

41 

16 

12 

30 

— 

21 

18 


'Column B shows the spontaneous secretion of bde on the assumption 
"that the factors which cause this constant secretion persist after the 
intravenous mjeetion of secretm The figures show that pancreatic jmee 
was rapidly secreted for 20 min (41 drops), and durmg that tune the 
secretion of bde was augmented by 4 drops The mcreased secretion of bde 
may be much less than that observed by Bayliss and Starling 

(3) The destruction of secretin The question arose whether it was one 
and the same prmciple m the secretm preparation that excited the 
secretions of both pancreatic juice and bile, or whether two different 
secretms, pancreatic and hepatic, were contamed m it It has been 
shown previously that pancreatic secretm is destroyed by pepsm, 
trypsm, or hydrolysis by weak acid or alkab The partial or complete 
destruction of the pancreatic action of the secretm preparation by any 
of the above means results m a corresponding change m the cholagogue 
action The results mdicated that the same active prmciple causes the flow 
of pancreatic juice and the mcrease m the spontaneous secretion of bde 

(4) Repeated injections of secretin Many observations suggested that 
the cholagogue action of secretm was apparent rather than real — that 
secretm caused a httle bde to be squeezed out of the bver either by 
mcreasmg the size of the bver cells or by altermg to some small degree 
the amount of flmd (blood or lymph) contamed m the bver The average 
weight of a cat’s bver is 100 grm , whilst the mcreased secretion of bde, 
produced by a quantity of secretm which causes a maximal secretion of 
pancreatic jmee, amoimts to about 0 6 c c Therefore only small changes 
m the condition of the cells or flmd content of the bver would expel this 
extra quantity of bde from the canabcub or ducts The type of experi- 
ment which supported this conclusion is given 

0 5 mgrm of secretm was mjected every 46 mm mto the femoral 
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vein of a fasting cat The spontaneous secretion of bile vras at the rate 
of 4 drops of bile per hr The quantities of pancreatic juice and bile, and 
the latent periods between the injection of secretm and the start of the 
secretion of pancreatic juice and the increased secretion of bile, are given 





Latent 


Latent 


Secretm 

Pancreatic 

period 

Bile 

period 


(mgrm.) 

jmce 

(secs.) 

(nun.) 

1«( injection 

0-5 

46 drops in 

30 nun 

60 

13 drops m 

32 nun 

10 

2nd injection 

0 5 

62 drops in 

36 mm. 

4o 

13 drops m 

46 nun. 

10 

3rd injection 

05 

54 drops m 

38 mm. 

45 

14 drops m 

42 min. 

6 


The cessation of bile secretion after varying times (32 mm , 45 nun and 
42 mm.), and the long latent period before a fresh mjection of secretin 
imtiated a renewed flow of bile, ofiered some support to the hypothesis 
of the mechamcal erpulsion of bile from the canabcuh m the hver 

In order to obtam other evidence bearmg upon this hypothesis an 
experiment was done m which mjections of secretm (0 1 mgrm ) were 
repeated every 30 mm , that is, at mtervals of tune durmg which the 
apparent cholagogue action of secretm manifests itself On the mechani- 
cal hypothesis of the action of secretm successive mjections, whilst pro- 
ducing the same quantity of pancreatic juice, should produce diTnuushing 
quantities of bile 


Time o{ 

Pancrentie 


mjection 

juice 

Bde 

(pm.) 

(drops) 

(drops) 

230 

16 

21 

30 

17 

20 

330 

18 

20 

4.0 

20 

21 

4 30 

20 

21 


The spontaneous secretion of bile was at the rate of 10 drops m 31 ttoti 
T he constancy of the augmented secretion of bile (10 drops every 
30 mm ) proved that this augmented secretion was not secondary to 
some mechamcal action, either vascular or cellular, by which previouslj’' 
secreted bile contamed m the bile canabcuh or ducts was squeezed out 
of the hver 

(5) Remoial of small intestine The long latent period which elapses 
between the mjection of secretm and the augmentation of bibary secre- 
tion seemed to indicate that the cholagogue action was secondary to an 
eSect on some other tissue An apparent mcrease m mtestmal move- 
ments after the intravenous injection of secretm suggested that acceler- 
ated absorption into the blood of bile salts contamed m the small mtestme 

23—2 
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was tie imm ediate cause of the mcreased secretion of bde The assump- 
tion was tested by an experiment m which the cholagogue action of 
secretm, before and after removal of the small mtestme, was determmed 
The intravenous mjection of 1 mgrm of secretm mto a cat caused the 
secretion of 46 drops of pancreatic jmce and 22 drops of bile m 40 Toin 
The small mtestme was removed and the same quantity of secretm 
mjected In the succeedmg 40 mm 34 drops of pancreatic jmce and 14 
drops of bde were secreted The amount of bde secreted after partial 
evisceration was diminished, but the dimmution was of the same order 
as that of the panereatic jmce and was probably due to the shock caused 
by the removal of the small mtestme which immediately preceded the 
second mjection There was no evidence that the cholagogue action of 
secretm was the result of an mcreased absorption of bde salts from the 
mtestme 

(6) Effect of clamping the pancreatic vein As a corollary to the previous 
experiment, the effect of preventmg or dimmishmg the blood flow 
through the pancreas, before and after the mjection of secretm, was 
deter min ed Two experiments are recorded m which (a) the pancreatic 
vem was hgatured and no collateral circulation was established m the 
pancreas, and (6) the pancreatic vem was clamped, but a collateral 
circulation was established after 16 mm as evidenced by a small secre- 
tion of pancreatic jmce 

(a) In the foUowmg experiment the spontaneous secretion of bde, 
and the secretions of bde and pancreatic jmce caused by the mtravenous 
mjection of 0 1 mgrm of secretm before and after the hgation of the mam 
pancreatic vem are recorded 

Panoreatio 


jmce Bile 

(drops) (drops) 

Normal flow for 30 mm. 0 10 

Secretion during 30 mm after 20 20 

0 1 mgrm of secretm 

Pancreatic Tern ligatured 

Secretion durmg 30 mm. after 0 11 

0 1 mgrm. of secretm 


The occlusion of the mam pancreatic vem does not prevent the access of 
secretm to the hver cells by the hepatic artery Since, under these con- 
ditions, secretin not only produces no pancreatic jmce, but does not 
augment the spontaneous secretion of bde, it may be assumed that the 
prune action of secretm is on the cells of the pancreas, and that the 
cholagogue action is due to some product of pancreatic activity which 
passes via the blood to the hver and excites it to secrete bde 
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(6) This conclusion was confirmed by an experiment in wbicb a 
collateral circulation was establisbed after clampmg tbe mam vem 


Xoimal floTv for 1 hr 
Flow in 1 hr after 0 2 mgnn. 
secretm 

Pancreatic vein bgatnred 

Flow ml hr after 0 2 mgnn. 
secretm 


Pancreatic 

]mee Bile 

(drops) (drops) 

0 44 

53 67 


17 52 


A collateral circulation tbrougb the pancreas was established 15 mm 
after the mjection of the second quantity of secretm smee after this 
penod, a small secrehon of pancreatic juice started. The comparative 
figures brmg out an mterestmg fact — ^the first secretm mjection produced 
53 drops of pancreatic jmee and augmented the bdiary secretion by 
23 drops, the second secretm mjection after clampmg the pancreatic 
vem, produced 17 drops of pancreatic jmee and augmented the bile 
secretion by 8 drops The quantities of pancreatic jmee and bde bear 
about the same ratio to one another m both cases i e 53 to 17 and 23 
to 8 The results mdicate that the action of secretm as a cholagogue is 
a secondarv eSect depending upon its acbon on the pancreas Secretm 
acts on the pancreas causing a secretion of pancreatic jmee, as a result 
of this glandular activity metahohe products pass mto the portal blood 
and are earned directly to the hver, these metahohe products from the 
pancreas excite the bdiary activity of the hver and cause an meteased 
secretion of bde 

SuiniAST 

(1) The mjection of bQe mto the duodenum causes a large secretion 
of pancreatic jmee and augments the secretion of bile 

(2) A similar mjection of bile mto the ileum augments the secretion 
of bde but has no efiect on pancreatic secretion. 

(3) The mtravenous mjectiou of bde salts augments the flow of bde 
but has no efiect on pancreatic secretion 

(4) The mtravenous mjechon of purified secretm causes a large 
secretion of pancreatic jmee and augments the flow of bde 

(o) The action of secretm as a cholagogue is annulled bv procedures 
which prevent the secretion of pancreatic jmee 

(6) These facts show that (a) bde salts, free from secretm, absorbed 
into the blood from the small mtestme act as cholagogues (b) the action 
of secretm as a cholagogue is secondarv to its action on the pancreas 
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THE SIGNIFICANCE OF THE DIASTOLIC AND 
SYSTOLIC BLOOD-PRESSURES FOR THE 
MAINTENANCE OF THE CORONARY 
CIRCULATION 

By G V ANREP B KING 

[From the Physiological Laboratory, Cambridge ) 

It is generally agreed tliat tlie arterial blood-presavne is tbe mam cir- 
culatory factor detennuung tlie coronary blood flow, but as regards the 
relative importance of the diastohc and systohc pressures opmions difier. 
Starling and bis co-workers a, 2, 3) find that the coronary cuculatiou 
18 within wide hmits mdependent of changes m pulse pressure provided 
that the mean aortic pressure is kept constant On the other hand. 
Smith, Miller and Graber(4) state that the mamtenance of an eflSicient 
coronary cuculation la fundamentally dependent on the height of the 
diaslolic pressure, and that only m experiments in which the diastohc 
pressure is reduced to a permanent low level can the coronary blood flow 
be afiected by changes m the systohc pressure Starling’s measure- 
ments of blood-pressure were m most cases made with the mercury 
manometer Smith, Miller and Graber used a membrane manometer 
the vibration frequency of which was not stated, but, as can be judged 
from the tracings given m theu paper, it was probably not high 

The determination of the relative significance of the systohc and 
diastohc blood-pressures is of considerable importance for it correct 
comprehension of the blood supply to the heart muscle It is especially 
important in conditions m which the pulse pressure changes without 
a material alteration in the mean pressure as may occur, for instance, as 
a result of acceleration of the heart beat or of a reduction in the arterial 
resistance with a simultaneous mcrease m the systemic output or in the 
case of aortic regurgitation 

The experiments described below were performed with the object of 
securing further information on this pomt They were performed on the 
heart-lung preparation, smce in this preparation the diastohc and systohc 
pressures can be easily and mdependently controlled and maintamed 
constant for any desued length of time 
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The blood-pressure was measured immediately above the aortic 
valves with an optical manometer, the membrane of which had m the 
different experiments a vibration frequency of 160-170 and a sensitivity 
such as to give, at the magnification used, a deflection of 1 mm for each 
mm Hg change m pressure The blood flowmg from the dramed coronary 
smus was collected and measured during mtervals of 1 mm and was 
considered constant if five successive measurements differed by not more 
than ± 0 5 c c The diastohc and systohc pressures were changed by 
varymg (a) the systemic output or (h) the heart rate which was m all 
experiments controlled by rhythmic stimulation of the nght aancle 
The actual experiments proceeded as follows Optical records of the 
aortic pressure were obtamed after carefully measimng the coronary 
blood flow and the systemic output of the heart The output was then 
increased while the artificial arterial resistance was adjusted so as to 
mamtam (say) the systohc pressure at the level it had during the pre- 
ceding period of small output The aortic pressure and the coronary blood 
flow were agam recorded The observation was then repeated, keepmg m 
this case the diastohc pressure constant Now, stdl mamtaming a large 
output, the arterial resistance was adjusted to a level at which the 
coronary blood flow was withm ± 0 5 c c the same as it had been durmg 
the period of the small output, a further set of optical records of the 
aortic pressure being taken We thus had four sets of records of the 
aortic pressures and of the coronary blood flow m each experiment, the 
first (1) which was taken during the period of small output and the rest 
(2, 3 and 4) durmg the period of larger output, (2) with the same systohc 
pressure, (3) with the same diastohc pressure and (4) with an aortic 
pressure such that the coronary blood flow durmg the penod of large 
output was equal to that durmg the period of small output In order to 
deternuile whether the condition of the coronary blood vessels had under- 
gone a change durmg the 15 to 20 min of observation, the output and 
pressure were agam returned to them ongmal values, only those experi- 
ments bemg used m which the coronary blood flow durmg this control 
period was equal to that observed before the mcrease m the output The 
above four sets of observations could usually be repeated several times 
on the same heart-lung preparation Similar observations were made in 
experunents m which the pulse pressure was changed by varymg the 
heart rate while the systemic output was mamtamed constant 
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The Effect of Chahges in Output 
The results of oux expenments -vyitli cEaiigesm output iveie coucordaut 
in shouTug tliat neitker tlie diastolic nor the systohc pressure alone 
determiuesthe coiouaiy cuculatiou Thus our otservations fail to support 
the couclusions reached by Smith, Miller and Graber, ive find that 
the mean aortic pressure is m every case a far more significant factor m 
the coronary circulation Table I gives the results of a typical experi- 
ment 

TauueL 


Dog 10 11 , heart — 02 grm The heart rate was maintained throughout 

this experiment at 122 beats per mm. and the temperature at 37° C 






Blood flow 



Arithmetical 

from the 

Syatemio 

Diastolic 

Systohc mean 

coronary 

output m 0 c. 

ptesaure 

pressure pressure 

sinus m c c. 

per min. 

m mm. Hg 

m mm. Hg m mm Hg 

per mm. 

(a) The diMtolio presanre la mamtamed coMtant 



1170 

80 

179 

1294 

142 

890 

80 

168 

119 

99 

465 

80 

130 

106 

68 

200 

80 

118 

99 

67 

(6) The systohc pressure is mamtamed constant. 



200 

80 

118 

99 

66 

460 

65 

118 

914 

42 

885 

42 

118 

80 

31 

1160 

20 

118 

69 

18 

(c) The coronary blood flow is mamtamed constant 


200 

80 

118 

99 

67 0 

470 

70 

126 

99 

66-6 

880 

60 

134 

97 

66-6 

1176 

42 

147 

95 

67-0 


The first and the second part of the table show that the coronary 
outflow IS afiected by changes in the systohc pressure as wellas by changes 
in the diastohc pressure or, m other words, that it is not determmed 
by either of these pressures singly The coronary blood flow closely 
follows the changes m the arithmetical mean pressure, a nse m 
which has a relatively greater effect as the pressure reaches a higher 
lei el a change in the mean pressure from 99 to 129 mm increased 
the corouar) flow by 85 c c while an equal change from 69 to 99 -mm 
increased it by only 38 c c In the third part of the table the pulse 
pressure is progressively increased while the aortic resistance is so 
adjusted as to maintam the coronary outflow constant It can be seen 
that the mean aortic pressure had to he dropped by 4 mm. Hg in 
the case of the largest systemic output If, m this case, the mean aortic 
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pressme had been mamtained constant, the coronary blood flow would 
have been a few cubic centimetres larger For instance, when after the 
last observation recorded m Table I (c) the mean pressure was mcreased 
from 95 to 99 mm Hg the coronary blood flow mcreased from 67 c c 
to 64 c C per mm 

Registration by the hot- wire method (5, 6, 7) shows that the coronary 
blood vessels are suppbed with blood durmg the whole penod of diastole, 
and that therefore all changes of pressure occuxrmg after the hegmnmg 
of relaxation of the ventricles must affect the coronary blood flow The 
coronary blood flow through the left ventricle is to all evidence completely 
arrested durmg systole It is highly probable, however, that the coronary 
supply to the nght ventricle is not stopped by its less powerful contrac- 
tion, and if this be the case then it should be expected that not only the 
post-dicrotic changes m the blood-pressure but also the changes occurrmg 
durmg systole must affect the coronary blood flow These complex 
relations are rendered stdl more difficult of analysis by the fact that the 
higher the maximum value of the blood-pressure the greater is its effect 
upon the coronary circulation, and also by the fact that the length of 
systole and the rate of relaxation of the heart change with alterations m 



Fig 1 Record of the aortic blood pressure taken at different systemio outputs and con 
stant coronary blood flows. The average arithmetical pressure is nearly the same m 
the three cases, while the diastobo pressure is widely different This fig shows the 
method of retracing used m the calculation of the pressures 

the output On account of these comphcations it is not possible, at 
present, to evaluate more precisely the significance of changes m the 
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aoxtic piessuie fox the mamtenance o{ the coionaxy blood flow Calou- 
lating by graphic methods from the areas of the cmwes the true meau 
pressures prevaihng durmg the whole cycle or durmg the penod of diastole, 
we found that these gave no more defimte relations to the coronary blood 
flow than the arithmetical mean pressure The latter can bCj therefore, 
taken as the one determining the coronary blood flow with such accuracy 
as our present methods allow Fig 1 gives a tracmg of the aortic pressure 
as recorded m one of the experiments, Figs 2 and 3 are redrawn super- 
imposed tracmgs of the aortic pressure 
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Fig 2 Pig 3 

Fig 2 Eedraim supenmpoMd tracings of the aortic blood pressure The systemio output 
in o, h, and c was 960, 620, and 260 per min. respectively The blood flow from the 
coronarv smus wns constant at 37 5 c o. per mm. The anthmetical average pressures 
are 73, 74 6 and 70 ram. Hg in a to c respeotively 

Fig 3 Eedrawn tracmgs of the aortic blood pressure 

a systemic output 300 O.O., coronary sinns blood flow 41 o.o 
h „ 030O.C. „ „ 1X5 oc. 

c , 050 0 0 „ „ 410 .C 

The diastobo pressure is raamtamed constant m o and 6 The coronary blood flow is mam 
tamed constant m o and c. 

The Effect of Chauges in the Heabt Rates 
It has beeu reported on several occasions a. 2, 3) that m the heart-lung 
preparation changes m the heart rate have no effect upon the coronary 
blood flow Drury (8) has made similar observations m his eTperunents 
upon the tortoise heart and Hammonda and KinositatO) upon the 
perfused rabbit s heart In a recent prehnunary communication Miller, 
Smith and GraberfiO) report that m experiments m which a rapid and 
regular action of the heart followed the stimulation of the auricle the 
rate of coronary flow was usually mcreased, while irregular action with 
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pressure liad been maintained constant, the coronary blood flow would 
have been a few cubic centimetres larger For instance, when after the 
last observation recorded m Table I (c) the mean pressure was mcreased 
from 95 to 99 mm Hg the coronary blood flow mcreased from 57 c c 
to 64 c c per min 

Eegistration by the hot-wire methods, 6 , 7 ) shows that the coronary 
blood vessels axe supphed with blood durmg the whole period of diastole, 
and that therefore aU changes of pressure occurrmg after the begmnmg 
of relaxation of the ventricles must affect the coronary blood flow The 
coronary blood flow through the left ventricle is to all evidence completely 
arrested durmg systole It is highly probable, however, that the coronary 
supply to the right ventncle is not stopped by its less powerful contrac- 
tion, and if this be the case then it should be expected that not only the 
post-dicrotic changes m the blood-pressure but also the changes occurrmg 
durmg systole must affect the coronary blood flow These complex 
relations are rendered still more difficult of analysis by the fact that the 
higher the maximum value of the blood-pressure the greater is its effect 
upon the coronary circulation, and also by the fact that the length of 
systole and the rate of relaxation of the heart change with alterations in 

mm Hg 

110 - 


90 - 


70 - 


50 - 

Fig 1 Kecord of the aortic blood pressure taken at diflerent systemio outputs and con 
stant coronary blood flows The average anthmetical pressure is nearly the same in 
the three cases while the diastohc pressure is widely different This flg shows the 
method of retracing used in the calculation of the pressures 

the output On account of these comphcations it is not possible, at 
present, to evaluate more precisely the sigmficance of changes m the 
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aortic pressure for tiie mamtenance of the coronary blood fiovr Calcu- 
lating by graphic methods from the areas of the curves the true mean 
pressures prevailing during the whole cycle or dnrmg the period of diastole, 
we found that these gave no more definite relations to the coronary blood 
flow than the arithmetical mean pressure The latter can be therefore^ 
taken as the one determining the coronary blood flow with such accuracy 
as our present methods allow Pig 1 gives a tracing ofthe aortic pressure 
as recorded m one of the experiments. Figs 2 and 3 are redrawn super- 
imposed tracmgs of the aortic pressure 
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Fig 2 Fig 3 

Fig, 2. KedraMn ETipenniposwi tiaangs of the aortic blood preasare The output 

m a, 6 and e was 860, 520, and 250 per nun. resp^ctiTelv The blood flon- from the 
coronaij- smns was constant at 37 5 c.c. per nun. The anthmebca] arerage pressnres 
are 73, 74:-3 and 76 mm. Hg m o to c xespectrrelj- 
Fig. 3 Peiijawn tracmgs of the aorbc blood pTESjure 

a svstenuc output 300 c.c., coronarv smus blood flow 41 c.c. 

6 „ 930 C.C. „ „ 115 C.C. 

c „ 950 c,c. „ , 41C.C, 

The diasfohc pressure is mamtamed constant m a and 6 The cotonarr blood flow is mam 
tam'ei constant m a and c. 

The Etfect ot CnaifiGEs rx the Heaet Bates 
It has been reported on several occasions a, 2, 3) that m the heart-lung 
preparation changes m the heart rate have no effect upon the coronarv 
blood flow DrnrytS) has made similar observations m Ins experiments 
upon the tortoise heart and Hammouda and KinositatP) upon the 
perfused rabbit’s heart In a recent prehmmaTy commumcation ililler 
Smith and Graberao) report that in experiments m which a rapid and 
regular action of the heart followed the stunolatiou of the anncle the 
rate of coronarv flow was nsnallv mcreased, while irregnlar action with 
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pressure had been mamtamed constant, the coronary blood flow woidd 
have been a fe-w cubic centimetres larger For instance, when after the 
last observation recorded m Table I (c) the mean pressure was mcreased 
from 95 to 99 mm Hg the coronary blood flow mcreased from 67 o c 
to 64 c c per mm 

Registration by the hot-wire method (5, e, 7) shows that the coronary 
blood vessels are supphed with blood durmg the whole penod of diastole, 
and that therefore all changes of pressure occumng after the beginning 
of relaxation of the ventncles must affect the coronary blood flow The 
coronary blood flow through the left ventricle is to all evidence completely 
arrested during systole It is highly probable, however, that the coronary 
supply to the nght ventncle is not stopped by its less powerful contrac- 
tion, and if this be the case then it should be expected that not only the 
post-dicrotic changes m the blood-pressure but also the changes occumng 
during systole must affect the coronary blood flow These complex 
relations are rendered still more difficult of analysis by the fact that the 
higher the maximum value of the blood-pressure the greater is its effect 
upon the coronary cuculation, and also by the fact that the length of 
systole and the rate of relaxation of the heart change with alterations in 

mm 
1 


Fig 1 Becotd o£ the aortio blood pressure taken at different systemio outputs and con 
stant coronary blood flows The average arithmetical pressure is nearly the same in 
the three cases, while the diastoho pressure is widely different. This Bg shows the 
method of retracing used in the calculation of the pressures 

the output On account of these comphcations it is not possible, at 
present, to evaluate more precisely the significance of changes m the 




CORONARY CIRCULATION 


349 


2 The coronary blood flow closely follows the changes in the 
arithmetical average of the systohc and diastolic aortic pressures, which 
18 in most cases a sufficiently accurate measure of the true mean pressure 

3 Changes m the systermc output and changes of the heart rate have 
withm wide hmits no direct effect upon the coronary blood flow 

The expensea of this research were defrayed by a grant from the Medical Reseatoh 
Cotmcil held by one of ns (G V A.) 
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the smaller the output This effect can be neglected m the expemnents 
so far described m 'which the aortic pressure never became equal to the 
external pressure determimng the arterial resistance, smce neither the 
output nor the heart rate was excessively diTTiiTiiR bp.fi But it does come 
into emdence m experiments m which the heart beat is reduced to a very 
slow rate, especially when the output per beat is small so that the pressure 
in the arterial system qmckly falls towards its diastohc value For 
example, we have experiments with a small output m which the tempera- 
ture of the blood was lowered to 33-34° C , the natural heart rate bemg 
reduced m consequence to about 40-50 beats per Tnm The heart could 
be, however, accelerated by stimulation of the auricle to 90-116 beats 
per mm In this case, m order to mamtam the coronary blood flow 
constant the arithmetical mean aortic pressure had to be raised at the 
slower heart rates by a few millimetres On inspecting the aortic pressure 
curves it becomes evident that this apparent influence of heart rate is 
not due to a duect effect but to the fact that the anthmetical mean 
pressure ceases to give an approximate representation of the true mean 
pressure prevailing m the aorta On calculatmg the true mean pressure 
it was found to be nearly constant m conditions m which the coronary 
blood flow was constant (Table HI) 

Table IIX 

Dog — 9 kL, heart — 52 gnn.. Output — ^200 c o. per nun., Temperature 33° C 
The coronary blood flow la maintamed constant. 



Diastohc 

Systohc 

Arithmetical 

mean 

True mean 

Coronary flow 

Heart rate 

pressure 

pressure 

pressure 

pressure 

from smus m 

per min. 

m mm Hg 

in mm. Hg 

in mm. Hg 

in mm. Hg 

0 c. per mm. 

66* 

60 

140 

100 

86 

39 0 

76 

60 

118 

92 

86 

400 

too 

70 

104 

87 

87 

398 



• Natural heart rate 




The result of the experiments upon the effect of output and of heart 
rate on the coronary blood flow shows that changes m the strength of 
contraction of the heart as well as changes m the heart rate have no 
direct influence upon the coronary cuculation The changes m the 
coronary blood flow which may be observed under these conditions are 
brought about mdirectly through alteration of the aortic blood-pressure 

Conclusions 

1 The coronary blood flow is not determmed by either the diastohc 
or thfe systohc aortic blood-pressure smgly 
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2 Tlie coiouary blood flow closely follows tbe changes m the 
anthmetical average of tbe systobc and diastnbc aortic pressures, wbicb 
IS in most cases a sufficiently accurate measure of tbe true mean pressure 

3 Cbanges m tbe systemic output and changes of tbe heart rate have 
witbm wide limits no direct efiect upon tbe coronary blood flow 

The expenses of this research were de&ayed bv a grant from the Jledical Research 
Council held by one of us (G V A.) 
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THE EFFECT OF ATROPINE, ERGOTAMINE, AND 

Rituitrin on phlorhizin glycosuria 
B y A B ANDERSON and M D ANDERSON 


{From the Biochemical Laboratory, Cambridge ) 

It has been suggested m several recent papers that phlorhizin produces 
glycosuria by acting on the sympathetic nerve endmgs in the kidney 
This suggestion is based on observations of the effect on phlorhizm 
glycosuna of drugs that paralyse the sympathetic nerve endings Thus 
Teschendorf(i) reports a decrease m sugar excretion after the ad- 
ministration of ergotamine to phlorhizmised rabbits Beckp) finds a 
decreased excretion of sugar after the administration of ergotamme to 
children treated with phlorhizm Brogsitter and Dreyfus(3) report that 
the sugar excretion of phlorhixinised animals was inhibited by atropme 

In all these cases the doses of phlorhizm given were small, and the 
animals were never fully phlorhizinised In view of the proved decrease 
in the secretion of unne produced by the drugs atropme and ergotamme, 
a decrease m the excretion of sugar caused by these drugs under the con- 
ditions described is not suflicient proof of an action antagonistic to that 
of phlorhizm Some better standard of compansou is required Such a 
standard is provided in the constant D/N ratio m the urme of completely 
phlorhizmised animals on a carbohydrate free diet For it is reasonable 
to suppose that if the action of the drug is directly antagonistic to that 
of phlorhizm, the D/N ratio will fall and less sugar will be excreted, 
whereas if the drug only decreases the secretion of urme, less sugar will 
be excreted, but at the same tune the excretion of mtrogen wiU fall and 
the D/N ratio will be unchanged 

In order to investigate the action of atropme and ergotamme on these 
hues rats were phlorhizmised until a constant D/N ratio was obtamed, 
and then the drug was administered The rat was chosen as the experi- 
mental animal partly for convemence m handling, and also because the 
techmque for estabhshmg a constant D/N ratio m the rat had akeady 
been worked out m connection with previous experiments not reported 

Iipt c 

The animals were phlorhizmised by the method given by Coolen(4j 
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for dogs, 50 mg of phlorluzm suspended m olive oil was mjected sub- 
cutaneously every dav A satisfactory synthetic carbohydrate free diet 
was found to consist of protem 75 p c , fat 20 p c , salts 5 p c On this 
diet a constant D/X ratio was established after three or four days the 
level varymg shghtlv with mdividual rats The urme was collected free 
from feces m the usual maimer over 24 hr periods Total mtrogen was 
determmed by Kjeldahl’s method after removing anv protem con- 
tammation from spilt food by precipitatmg with trichloracetic acid and 
filtermg The reducmg power was estunated bv the method of Wood-Ost 
after precipitating any contammatmg protem with metaphosphonc acid 
Occasionallv the urme was contammated with a verv httle food 


Atbopixe 

Atropme m the form of the sulphate was dissolved m normal salme 
and administered bv subcutaneous mjection The results are mven m 
Table I All the animals were phlorhizmised for three or four da'^ before 
the first day given m the table, which is the first day on which a constant 
D X ratio was established 

Xabix L 


Bat osd 
weiffht 
before 
eipt. 
EF 

201 gm. 


EA 

230 gm. 


EC 

25S gm. 


EB 

252 gm. 


Dot 

^o 

) 

2 

i 

4 

5 
d 

1 

■> 

3 

4 


trme 

TOI 

C.C. 

2S 

52 

41 

31 

44 
35 
eo 
57 
22 
U 
40 

3S 

40 

27 

(6) 

(fl) 

45 
39 
21 
(U) 


Glucose Gluco<e ICitiogtn 


o 

gm. 

5- 31 
b-27 

6- 33 
6-23 
516 
717 
414 
473 
723 
8-40 

4- 95 

6- 30 
723 

7- 97 

5- 40 

5- 93 

6- 17 
6-76 
715 
6-11 


total 

147 
3 23 
259 
1-93 


24S 
2 70 
1 59 
092 

1- 99 

239 

2S9 

2- (B 
(032) 

(2 43) 
2-93 
2-64 
1 50 
(067) 


per 

C.C. mg 

106S 

19-51 

15- 95 

16- 27 
15^ 

21- 67 
1600 

15- 20 

22- W 
23 71 
IS 35 

2042 
f^r-69 
2092 
7S4 
19 47 

16- 79 
2065 

1051 

1052 


XHro- 

gen 

total 

mg 

467 

1015 

777 

56o 

651 

623 

960 

1037 

4S5 

2ol 

735 

776 

905 

W) 

(T9S) 

902 

605 

410 

(116) 


DA 

32 

32 

33 

34 
33 
33 
2-6 
2-6 
33 
3-5 
27 

31 

3-2 

35 
69 

395 

3-3 

3-3 

3-7 

5-S 


Remarks 


5 mg atropme sulphate 


5 mg atropme sulphate 


50 mg atropme sulphate. 
Rat died 


101 ing atropme sulphate. 

Rat died 


Brackets mdicate that th» samole do»s no." ' 

represent a coUection orer the full 24 hours 
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THE EFFECT OF ATROPINE, ERGOTAMINE, AND 

Fituitrin on phlorhizin glycosuria 

By A B ANDERSON and M D ANDERSON 

(From the Biockemtcal Laboratory, Cambridge ) 

It ias been suggested in several recent papers that pblorbizm produces 
glycosuna by acting on the sympathetic nerve endmgs m the kidney 
This suggestion is based on observations of the efiect on pblorhizm 
glycosuna of drugs that paralyse the sympathetic nerve endmgs Thus 
Teschendorf(i) reports a decrease m sugar excretion after the ad- 
ministration of ergotamme to phlorhizinised rabbits Beck ( 2 ) finds a 
decreased excretion of sugar after the administration of ergotamme to 
children treated with phlorhizan Brogsitter and Dreyfus (3) report that 
the sugar excretion of phlorhizinised ammals was inhibited by atropme 

In all these cases the doses of phlorhizm given were small, and the 
animals were never fully phlorhizinised In view of the proved decrease 
m the secretion of urme produced by the drugs atropme and ergotamme, 
a decrease m the excretion of sugar caused by these drugs imder the con- 
ditions descnbed is not sufficient proof of an action antagonistic to that 
of phlorhizm Some better standard of comparison is required Such a 
standard is provided m the constant D/N ratio m the urme of completely 
phlorhizinised animals on a carbohydrate free diet For it is reasonable 
to suppose that if the action of the drug is directly antagonistic to that 
of phiorhizm, the D/N ratio will fall and less sugar will be excreted, 
whereas if the drug only decreases the secretion of urme, less sugar will 
be excreted, but at the same time the excretion of mtrogen will fall and 
the D/N ratio wiU be unchanged 

In order to mvestigate the action of atropme and ergotamme on these 
Imes rats were phlorhizinised until a constant D/N ratio was obtamed, 
and then the drug was administered The rat was chosen as the expen- 
mental annual partly for convenience m handling, and also because the 
techmque for estabhshmg a constant D/N ratio m the rat had already 
been worked out m connection with previous experiments not reported 

The animals were phlorhizinised by the method given by Coolen(4) 
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for dogs, 50 mg of pldorluzm suspended m olive oil was mjected sub- 
cutaneously every day A satisfactory synthetic carbohydrate free diet 
was found to consist of protein 75 p c , fat 20 p c , salts 5 p c On this 
diet a constant D/X ratio was established after three or four days the 
level varving shghtlv with mdividual rats The urme was collected free 
from faces m the usual manner over 24 hr periods Total mtrogen was 
determmed by Kjeldahl’s method after removmg any protem con- 
tamination from spilt food by precipitatmg with trichloracetic acid and 
faltering The reducing power was estimated bv the method of Wood-Ost 
after precipitating anv contanunating protem with metaphosphonc acid 
Occasionally the urme was contaminated with a verj httle food 
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Atxopme m the form of the sulphate was dissolved m normal sahne 
and admmistered bv subcutaneous mjection The results are given m 
Table I All the animals were phlorhizmised for three or four davs before 
the first day gi\ en m the table, which is the first day on which a constant 
D X ratio was established 

Tabu: L 


Bat aiid Xilro- 


irei^t 

bclOTB 

DaT 

Croc 

vot 

GIuco«o Xitiogen 
totai p» 

g»n 

total 


crp 

No 

CJh 

cm. gm. 

C.C mg 

Tng 

m 

EF 

1 

2s 

5-31 1-47 

16-6S 

467 

32 

201 gtn. 

2 

52 

6-27 3 26 

19-51 


32 

3 

41 

6-33 2 50 

lS-95 

hi 

33 


-4 

31 

6-23 1-93 

16-27 

566 

34 


o 

44 

5 lb 2 27 

154S 

6S1 

3-3 


0 

3a 

7 17 2 72 

21-67 

623 

3-3 


Bemaits 


o mg atmpmft ^phale 


EJ 

1 

60 

414 

230 gm. 

■> 

57 

473 

3 

22 

723 


4 

U 

6-40 


5 


4-9S 

EC 

1 

3S 

6-30 

25a gm. 

o 

40 

723 

3 

27 

7-97 


4 

(0) 

5-40 

EB 

1 

(41) 

5J>3 

232 gtn. 

O 

4“^ 

6-17 

3 

33 

6-76 


4 

21 

715 


5 

(U) 

6-11 


BracteLs mdicat^ that th* 


2 46 

IfrOO 

960 

2-6 

2 70 

16-20 

1037 

2-6 

159 

22-W 

465 

3-3 

092 

23-71 

261 

3-5 

1-99 

1S-3S 

735 

27 


ms atiopme snlphati 


239 

2042 

• i6 

2 69 

22-69 

906 

2-tg 

20^2 

565 

(0-32) 

754 

(47) 

(2 431 

19-47 

(796) 

295 

16 79 

902 

2-64 

2065 

6(S 

150 

19 51 

410 

(067) 

1052 

(U6) 


sample decs not lepiesent 


31 

32 

3S 50 ms atropme sulphate. 

Rat died 

3-t6 

33 
3-3 

3 T lOl ms atropme sulphate. 

5-S Eat died 

a collection orex the full 24 hoitts 


In the above table the D/X ratios are calculated from the figures given 
forthemtogenpercc and the glucose per 100 c c The doses of atropme 
are recorded opposite the first sample of urme to be collected after m- 

fhe dntf IS opposite the day on which the first efiects of 

the drug might be observed The 24 hr samples of urme were coHected 

PH LXIV 

24 
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from 9 30 a m and the atropme mjected at 6 p m , e p m the case of rat 
the figures opposite the fourth day concern the sample of urme 
collected between 9 30 a m on the third day and 9 30 a m on the fourth 
day, and the atropme was mjected at 6 p m on the third day 

The figures for the DfN ratio show m all cases a rise after atropme, 
though m the case of rat EF the rise after 5 mg of atropme was neghgible 
There was a fall m the quantities of urme, total mtrogen, and total 
glucose In the case of rats EO and EB doses of 50 and 100 mg of 
atropme respectively were fatal, the animal dymg withm 48 hours of the 
mjection Accordmg to Clark(6) the toxic dose of atropme for rats vanes 
from 500 mg per kdogram for young animals to 1 0 gm. per kdogram for 
adult animals If Clark’s doses are of general apphcation phlorhizmi- 
sation appears to lower the resistance of the animal to atropme 


Ebgotamtne 


Ergotamme m the form of tyramme acid phosphate was dissolved m 
normal sahne and administered by subcutaneous mjection The results 
are given m Table II The remarks on the methods of experiment and 
estimation which were made under the headmg of atropme apply to these 
experiments 

Table IL 


Rat and 
'[(•eight 
before 
eipt. 
EO 

176 gm. 


EH 

157 gm. 


Day 

No 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


1 

2 

3 

4 
5i 


EJ 

170 gm. 


5ii 

6 

7 

1 

2 

3 

4 
6 


Nitro- 


Urme 

Glucose 

Glucose 

Nitrogen 

gan 

rol 

% 

total 

per 

total 

C.C. 

gm. 

gm. 

C.C rag 

mg 

38 

643 

206 

1747 

664 

41 

6 76 

236 

1918 

788 

43 

6 37 

2 31 

18 83 

810 

39 

5 70 

222 

19 29 

752 

38 

5 70 

217 

19 29 

733 

35 

64X) 

210 

18 72 

655 

42 

6-24 

262 

19-40 

815 

27 

7 77 

210 

23 83 

643 

43 

649 

2 79 

20-88 

898 

62 

688 

306 

19 79 

1029 

20 

625 

105 

1691 

338 

33 

510 

168 

17 62 

578 

31 

600 

186 

2179 

675 

26 

6-46 

168 

22-01 

572 

18 

4 77 

0-86 

14 80 

266 

12 

543 

0-65 

20 08 

241 

31 

599 

186 

22 35 

648 

34 

6-83 

2 32 

2319 

788 

35 

6 21 

217 

22 39 

784 

29 

684 

198 

22 35 

618 

38 

699 

266 

2144 

816 

32 

743 

238 

22 47 

719 

41 

6 87 

282 

22 35 

916 


Dose of tyramlne 
n/b acid phosphate 

3U 
300 

2 85 1 mg 

2 95 

2 05 

3 20 5 mg 

322 

3 20 

3 11 10 mg 

2 07 
310 
2 01 
2 75 

2 93 

3 22 40 mg m four doses at 

three hour intervals 

2 70 
271 
2 05 

2 77 
3-06 

3 20 

3 31 lOOmg 
3-OS 


Doses of 1, 6, and 10 mg of tyramme acid phosphate appeared to have 
-pery bttle action m rat EG and the D/N ratio was hardly afiected, the 
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very sbgkt drop m D/X a dose of 1 mg is counterbalanced by a 
slight Dse -witb a dose of 5 mg In the case of rat EE on the fifth day the 
urme nas collected m two twelve hour periods, m the first period 40 mg 
of ergotamme were given in 10 mg doses at three hour mtervals , this dose 
caused a shght nse m D/X for the first penod with a correspondmg fall 
m the second so that the average for the two penods shows no change 
A dose of 100 mg given to rat EJ produced a similar shght nse followed 
by a shght fall for the nest day 


PlTDlTBDC 

Xo account of experiments on the action of pitmtrm on phlorhmn 
glycosuna occurs m the hterature This is a matter for some surprise in 
view of the stnkmg effects of pitmtrm on the secretion of the urme, e g 
the well-known effect of pitmtrm m diminishing the diuresis after 
excessive water -drmkmg or m diabetes insipidus Ve have mvestigated 
the effect of pituitnn on pblorhizm glycosuria by two different methods 
m the first the drug was administered to the completely phlorhizmised 
animal with a constant D/X ratio as m the experiments with atropme 
and ergotamme, and m the second to the animal on a complete diet (that 
IS a stock diet of proteuL fat, carbohydrate) with daily m]ections of 
phlorhizm m 0 25 p c sodium carbonate solution The sterile standardised 
solutions of pituitrm prepared by Parke Davis and Co were used m 
these experiments Some of the results obtamed are given m Table HI 


Bat and 
Tragbt 
before 
eip^ 

EE 

157 chl 


PA 

ISSgm. 


TahueHL 

_ XitTO- 

tnJi* Glucose Glucose "Nitrogea gen 
Dav toL "o to^al per lota] 

>0 C.C. gm. goL c.c,ing mz, n/X 

On pTO*ein-fat diet , pUoduzm 50 mg m od daih- 

1 31 5^ 

2 31 6-S3 


Bemarts 


31 

35 


frlS 

G-51 


1S6 

2235 

SIS 

271 

232 

2219 

TcS 

295 

201 

2201 

6S2 

291 

225 

2201 

770 

2-95 


Pituitrm 0-3 c-c. 


On^s-octa* piulem-cvrbohvdrate-Iat,pUoiluan60mg roXa.CO,daaT 


15 

4-6 

069 

16-2 

273 


17 5 

34 

0-595 

141 

24T 



21 

5-6 

1176 

12-5 

262 


U 

6-2 

OS6S 

1S4 

257 


9 

6-7 

0603 

16-1 

162 

— 


Pitmtan 02 c-c. 
Pitmtrm 03 c.c. 


Rat EE on a protem-fat diet with a constant D/X ratio showed no 
alteration when mjected with 0 3 c c pitmtrm. In the case of rat PA 
which was receiving the stock diet and 60 mg of phlorhizm m Xa,C0 
dadv the mjection of 0-2 c c and 0 3 c c pitmtrm on the fonrth'and 
fifth davs respectively caused a faU m the volume of urme and m the 

2 
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< otal nitrogen, wlule the percentage of sugar m the unne rose The total 
sugar was not affected to any great extent As there were large variations 
m the total daily excretion of sugar before the injection of pituitnn, no 
very strict comparison of the total sugars before and after pituitrm 
could he made 


Discussion 

Judgmg from the D/N ratio m the above experiments atropme has 
no action antagonistic to that of phlorhizm This is contrary to the 
findmgs of Brogsitter and Dreyfus mentioned earher These authors 
mjected atropme and phlorhizm mto rabbits and observed the sugar 
excretion There was a complete stoppage of urme for two to three hours 
and the first sample collected after the stoppage always contamed sugar, 
often m greater amounts than the correspondmg sample from the control 
animal receivmg phlorhizm alone They then gave urea as a diuretic to 
overcome the anuria caused by atropme, and obtamed a larger excretion 
of sugar which was, however, less than the amount excreted by the con- 
trol animal The restricted secretion of urme m all these experiments 
rmght be sufficient to explam the lessened excretion of sugar after 
phlorhizm, because with the diminished secretion some of the phlorhizm 
which would normally pass through the kidney, producmg its effect on 
the cells, might be excreted or destroyed m some other part of the bod) , 
agam, the mcreased secretion of urme produced by urea after atropme is 
not comparable with the secretion of the same amount of urme by the 
normal kidney 

In 1911 Gargiulo(6) reported that atropme arrested phlorhizm 
glycosmia m the rabbit but not m the frog, this also suggests that the 
action of atropme m checkmg sugar excretion is merely a consequence of 
the arrest of the kidney function 

That atropme may have some effect on carbohydrate metabolism 
appears from the finding of Eafaeld) that glycosuria may be a conse- 
quence of atropme administration m normal animals Some such effect 
may be mvolved m the rise m D/N ratio observed after atropme m our 

experiments 

Tummg to ergotamme, similar objections may be raised to the 
experiments of Teschendorf (loc at ), who admits that there was a 
large decrease m water excretion m his experiments He argues that 
smce the decrease m sugar excretion is much greater than the decrease in 
'water ehnunation, it does not appear probable that the dimmution in 
sugar excretion was due to the decreased water excretion In aU our 
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expeninents the Dps ratio was increased if anvthing after the a dmin is- 
tration of ergotamme and there is no evidence of a decrease m the sugar 
excretion The expemnents of Adlersberg and Eoth(S) mav he quoted 
m this connection thev found that the glvcochoba produced by phlo- 
tTiititi was not afiected bv ergotamme 

The combmed evidence of our experiments with atropme and ergota- 
mme contradicts the theorv that phlorhizm causes glycosima by acting 
on the sympathetic nerve endings of the hidnev 

SraniART 

1 Atropme and ergotamme are found to have no defimte efiect on 
the DfS ratio m fuUv phlorhizmised rats on a protem-fat diet 

2 2vo evidence is obtamed of anv action of pituitrm on phlorhizm 
glvcosuna m rats 

3 The evidence from the experiments with atropme and ergotamme 
does not support the theorv that phlorhizm produces glvcosuna bv actmg 
on the svmpathetic nerve endmgs of the kidnev 
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( ntal nitrogen, wlnle the percentage of sugar m the unne rose The total 
sugar ivas not affeeted to any great extent As there were large variations 
in the total daily excretion of sugar before the injection of pituitrm, no 
very strict comparison of the total sugars before and after pitiutnn 
could be made 


Discussiox 

Judgmg from the D/N ratio m the above experiments atropme has 
no action antagonistic to that of phlorhizm This is contrary to the 
findin gs of Brogsitter and Dreyfus mentioned earher These authors 
injected atropme and phlorhizm mto rabbits and observed the sugar 
excretion. There was a complete stoppage of urme for two to three hours 
and the first sample collected after the stoppage always contamed sugar, 
often m greater amounts than the correspondmg sample from the control 
animal receivmg phlorhizm alone They then gave urea as a diuretic to 
overcome the anuna caused by atropme and obtamed a larger excretion 
of sugar which was, however, less than the amount excreted by the con- 
trol animal The restricted secretion of urme m all these experiments 
might be sufficient to explam the lessened excretion of sugar after 
phlorhizm, because with the diminished secretion some of the phlorhizm 
which would normally pass through the kidney, producmg its effect on 
the cells, might be excreted or destroyed in some other part of the body, 
agim, the mcreased secretion of urme produced by urea after atropme is 
not comparable with the secretion of the same amount of urme bj the 
normal kidney 

In 1911 Gargiulo(6) reported that atropme arrested phlorhizm 
glycosuria m the rabbit but not m the frog, this also suggests that the 
action of atropme m checking sugar excretion is merel) a consequence of 
the arrest of the kidney function 

That atropme may have some effect on carbohvdrate metabolism 
appears from the findmg of Rafael(V) that glycosuria may be a conse- 
quence of atropme administration m normal animals Some such effect 
may be mvolved m the rise m D/N ratio observed after atropme m our 
experiments 

gSirniTig to ergotamme, similar objections may be raised to the 
experiments of Teschendorf (Joe at ), who admits that there was a 
large decrease m water excretion m his experiments He argues that 
smee the decrease m sugar excretion is much greater than the decrease in 
vrater ehmmation, it does not appear probable that the dimmution in 
sugar excretion was due to the decreased water excretion In all our 
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experiments the D/N ratio was mcreased if anything after the adminis- 
tration of ergotamme, and there is no evidence of a decrease m the sugar 
excretion The expemnents of Adlersberg and Roth{8) may he quoted 
in this connection, they found that the glycochoha produced by phlo- 
rhmn was not affected by ergotamme 

The combmed evidence of our experiments with atropme and ergota- 
mine contradicts the theory that phlorhizm causes glycosuria by actmg 
on the sympathetic nerve endmgs of the kidnev 

SUMMABY 

1 Atropme and ergotamme are found to have no defimte effect on 
the D/N ratio m fully phlorhizmised rats on a protem-fat diet 

2 No evidence is obtamed of any action of pitmtrm on phlorhizm 
glycosuria m rats 

3 The evidence from the expemnents with atropme and ergotamme 
does not support the theory that phlorhizm produces glycosuria by actmg 
on the sympathetic nerve endmgs of the kidney 
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1 otal nitrogen, while the percentage of sugar in the urme rose The total 
sugar was not affected to any great extent As there were large vanations 
m the total daily excretion of sugar before the injection of pituitrin, no 
very strict comparison of the total sugars before and after pituitrin 
could be made 


Discussion 

Judgmg from the D/N ratio m the above experiments, atropme has 
no action antagonistic to that of phlorhizm This is contrary to the 
findings of Brogsitter and Dreyfus mentioned earher These authors 
injected atropme and phlorhizm mto rabbits and observed the sugar 
excretion There was a complete stoppage of urme for two to three hours 
and the first sample collected after the stoppage always contamed sugar, 
often m greater amounts than the correspondmg sample from the control 
animal receivmg phlorhizm alone They then gave urea as a diuretic to 
overcome the anuria caused by atropme, and obtamed a larger excretion 
of sugar which was, however, less than the amount excreted by the con- 
trol animal The restricted secretion of urme m aU these experiments 
might be sufficient to explam the lessened excretion of sugar after 
phlorhizm, because with the diminished secretion some of the phlorhizm 
which would normally pass through the kidney, producmg its effect on 
the cells, might be excreted or destroyed m some other part of the bodj , 
agam, the mcreased secretion of urme produced by urea after atropme is 
not comparable with the secretion of the same amount of urme by the 
normal kidney 

In 1911 Gargiulo(6) reported that atropme arrested phlorhizm 
glycosuria m the rabbit but not m the frog, this also suggests that the 
action of atropme m checking sugar excretion is merely a consequence of 
the arrest of the kidney function 

That atropme may have some effect on carbohydrate metabohsm 
appears from the findin g of Eafael(7) that glycosuria may be a conse- 
quence of atropme administration m normal animals Some such effect 
may be mvolved m the rise m D/N ratio observed after atropme m our 
experiments 

Turmng to ergotamme, similar objections may be raised to the 
experiments of Teschendorf (loc cit), who admits that there was a 
large decrease m water excretion m his experiments He argues that 
smce the decrease m sugar excretion is much greater than the decrease m 
water ehmmation, it does not appear probable that the dimmution m 
sugar excretion was due to the decreased water excretion In all our 
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expemnents tte HfS latio vras increased if anytlung after the adminis- 
tration of exgotamine, and there is no evidence of a decrease in the sugar 
excretion The experiments of Adlersberg and Eoth(8) may be quoted 
m this connection, they found that the glycochoha produced by phlo- 
rhizm rras not affected by ergotamme 

The combmed evidence of onr experiments vnth atropine and ergota- 
nune contradicts the theory that phlorhizm causes glycosuria by acting 
on the sympathetic nerve endmgs of the kidney 

SniniABY 

1 Atropine and ergotamme are found to have no defimte effect on 
the D/N ratio m fully phlorhizinised rats on a protem-fat diet 

2 Eo evidence is obtamed of any action of pitmtrm on phlorhizm 
glycosuna m rats 

3 The evidence from the experiments with atropme and ergotamme 
does not support the theory that phlorhizm produces glycosuna by actmg 
on the sympathetic nerve endmgs of the kidneT 
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A DOUBLE PERFUSION-PUMP 
By H H DALE aijd E H J SCHUSTER 

{From the National Institute for Medical Research, Hampstead ) 

The Eeart-Iung preparation of Starling and Ins co-workers has provided 
a means, extensively used, of studymg the functions of the mammahan 
heart when working against an artificial and adjustable peripheral re- 
sistance, which replaces the natural resistance of the systemic vascular 
system Many schemes have been devised and used, on the other hand, 
in which the blood has been perfused through the hvmg vessels of an 
organ or part of the body by use of an artificial pump Our ongmal object 
m devismg the pump here descnbed was to produce an adjustable me- 
chanism which could be used to replace the heart, and to carry on both 
major and minor circulations of the whole body This would obviously 
require two synchronously workmg pumps Smce the two pumps would 
be workmg against widely difierent resistances it was further important 
that their throws should be rapidly and mdependently adjustable while 
runmng, so as to mamtam such equabty of output on the two sides as 
would prevent accumulation of blood on one side of the system, with 
deletenous back-pressure on the capdlanes of the lungs or of the rest of 
the body, as the case might be If the pumps and tubular connections 
were perfectly non-distensible, it should, theoretically, be possible to 
dispense with such adjustment, the two pumps being set to dehver 
equal amounts per stroke, they should contmue to do this whatever 
changes occurred m the relation of the pressures they had to overcome 
In practice, however, it would be very difficult to make a system of such 
ideal rigidity The apparatus which we designed, m which diaphragm- 
pumps were used, certainly would not have it The arrangement was 
accordmgly devised which enabled the throw of either pump lever to be 
increased or decreased qmckly and adjusted with dehcacy Embley 
and Martin (This Journal, 32 p 147 1905) used two rubber bulb- 
syrmges, compressed by adjustable rotatmg cams, for a similar purpose 
Our apparatus should give greater rapidity and precision of control, but 
the prmciple is the same 

Desobiption op the Double Pekfusion-Pujip 
The pump is shown m plan m Eig 1 and m elevation m Fig 2 Both 
drawmgs are sectional where this method of presentation has been con- 
sidered necessary to demonstrate the relations of the workmg parts The 
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■n-hole apparatus is not shown in Pig 2 It consists of base plate, BP, 
carrying at one end the crankshaft beanng-bracket, BBR, at the other 
end, a double platform PL 1 and PL 2, supported on four pillars, of 
which two only can be seen To the upper platform is attached one end of 
a tank, T The other end is supported by adjustable legs (not shown) 
The crankshaft is driven by a pulley, PZ7, and operates two connectmg 
rods, OR (only one shown m elevation), by means of separate cranks The 
lower end of each connectmg rod is shaped to fit m a slot cut m the hmder 
end of a rockmg lever, RL, and is kept m position by a pm, P 1 The for- 
ward end of the lever is slotted to form a fork embracmg a flattened 
section of the pump rod, PR, to which it is pinned by the pm, P 2 
The position of the fulcrum of the lever can be adjusted by the fol- 
lowing device, either while the pump is in motion or when it is stationary 
A gunmetal sleeve, SL, which is free to sbde on the rocking lever, carries 
at its forward end a square fork, FK, lying between two cheek pieces to 
which it is pivoted at PF This pivot is the actual fulcrum of the lever 
The cheek pieces are attached below to a sbde which runs m a dove- 
tailed guide on the base plate The position of the sbde is adjusted bj 
means of a screw, SCR (which can be rotated by its knurled head, EH) 
and the nut, A, attached to the sbde When the sbde is in its most 
forward position, the pivot, PF, comes exactly opposite the pm, P 2, and 
no motion is imparted to the pump rod When the slide is screwed back 
as far as possible, the arms of the lever are approximately of equal length 
and a stroke of about f m is given to thp pump rod The pump rod, PR 
IS vertical and runs m gmdes, G 1 and G 2, earned respectively by the 
lower platform, PL 2, and the base plate A rubber diaphragm, RD, is 
attached to its upper end by means of two brass plates, one fixed to the 
pump rod and the other screwed to the first through the rubber A circular 
hole, 2 in m diameter, cut m the upper platform and a corresponding hole 
m the bottom of the tank allow the central portion of the rubber dia- 
phragm to move downward with the pump rod when it is depressed The 
edge of the diaphragm is clamped between the large end of a thick-walled 
brass funnel, F, and the bottom of the tank by four wmg nuts, WA, 
workmg on bolts which pass through the wall of the funnel, the bottom of 
the tank and the upper platform, them heads bemg fixed to the latter 
Bound the tube of the funnel is fixed the open end of a rubber finger 
stall FS, and surroimdmg it, held m position on the tube of the funnel 
by a rubber bung, is a glass dome, GD The funnel and finger stall are 
filled with water, and the glass dome outside the finger stall with blood 
or other perfusion fluid When the diaphragm rises, water is forced into 
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the finger stall, -vrluch expands and drives the blood out of the glass 
dome When the diaphragm falls the reverse process occurs In order to 
provide for the passage m each direction of the blood, tvro tubes are 
hloun to the side of the dome at nght angles to one another and to the 
long axis of the dome One of these is connected, as shoirn m section in 
Fig 1, to the inlet valve, IV and the other to the outlet valve, OV 
The valves themselves are rubber caps each vnth a transverse cut near 
its closed end The inlet valve is shpped or er the end of a straight glass 
tube, ST, vhich passes through the tank and out of it by vrav of a packed 
gland, PG, vhich forms a uater-tight jomt between the tube and the 
tank The valve-chamber is a short section of wide glass tube bent at a 
nght angle and fixed with rubber bungs on the one hand to the straight 
tube, and on the other to one of the side tubes of the dome The outlet 
valve 13 shpped over the other side tube, it is enclosed in a chamber with 
one wide end attached by a rubber bung to the side tube and the other 
end narrow The narrow end is connected by rubber tnbmg with one end 
of a cod of glass tubmg CO The cod at its other end passes mto a straight 
tube which emerges from the tank by way of a packed gland A small 
vertical branch tube comes o5 each of the outlet valve-chambers, and 
vertical tubes are blown on to the top of each dome These tubes are 
used m filhng the domes and to allow air to escape 'When the apparatus 
is m use, thev are closed by short lengths of rubber tubmg and chps 

Though the figure shows the glass wamung-cod attached to the outlet 
(artenal) side of each pump it wdl be obvious that it could equally well 
be attached to the inflow side and the straight tube to the outflow, and 
this arrangement was, m fact used m the perfusions actually earned out 

The tank is filled with water, which is kept at the desired temperature 
by a long narrow electnc glow lamp housed m a brass tube, LT, passmg 
across the tank near its bottom and soldered mto holes m the sides This 
lamp can be sbd m and out of the tube by hand for rough adjustment 
of the temperature, or can be connected with a thermostat working a 
magnetic relay for finer control 

Use or the Pump 

The pump has not vet been used for its ongmal purpose of produemg 
a complete cuculation of the heartless animak It has been used, however 
with success for experiments m which the hmd quarters of a cat or dog 
were perfused bv one pump and the lungs by the other, defibrmated blood 
being used Open venous reservoirs were used mto which the blood from 
the abdommal cava and the left auricle respectiielv discharged and 
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from each of which it was sucked mto the alternative pump, from 
systemic’’ reservoir mto “pulmonary” pump and vice versa When the 
throws of the two pumps are adjusted to the proper relation, the level 
of the blood is stationary m both venous reservoirs Any change m the 
relation of the peripheral resistances, usually occasioned by a rise or fall 
of the systemic resistance, causes one venous reservoir to fill at the ex- 
pense of the other, and necessitates a new adjustment of the relation 
between the throws of the pumps if a new equihbnum is to be produced 
A very satisfactory perfusion can be mamtamed m this way for many 
hours 


The details of procedure m settmg up an experiment of this kmd may 
be given The quantity of blood required to fill the apparatus shown m 
Figs 1 and 2, mcluding the spaces between finger stalls and glass domes, 
the valve-chambers, the glass cods and the tubes is about 50 c c Amother 
50 c c at least is required to provide a small reserve m the venous reser- 
voirs and fill the connectmg tubes At least 100 c c of blood, therefore, 
should be avadable to fill the system before a perfusion can be begun, 
and if any but a very small organ is perfused more wdl be required It is 
accordmgly easy to perfuse a dog’s hmd hmbs and lungs with its own 
blood, but for perfusion of a cat’s hmbs and lungs it is necessary to use 
one cat to provide the first charge of blood for the apparatus and a second 
to provide a further quantity of blood as well as the organs for perfusion 
The animals were always bled out under aneesthesia with ether, cats 
from a cannula tied mto the abdormnal aorta, dogs from a cannula m a 


carotid artery The blood was whipped with an mdiarubber brush as it 
was received m a basm, and filtered through mushn, and then through a 
plug of washed cotton v ool By the tune that the bleeding was completed, 
of the animal which was to furnish the organs for perfusion, an assistant 
had filled the apparatus with the earher part of the defibrmated and 
filtered blood The next step was to prepare the lungs for perfusion The 
animal bemg kdled, the chest was widely opened, and a bulb cannula, 
with mlet tube and outlet nozzle and side tubes for insertion of a thermo- 
meter and for connection with a manometer, was tied by its nozzle mto 


the mam pulmonary artery, which had been clamped as near as possible 
to its bifurcation, opened and washed out with sahne A strong ligature 
was then tied m the aunculo-ventncular groove if this had not been 
done previously, and the ventncles were usually cut away A wide 
cannula was tied through a sht m the apex mto the appendix of the left 
anncle A respiratory cannula was tied mto the trachea, and this with 
the attached lungs, heart and cannul® was removed from the body, and 
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transferred to tlie apparatus The arterial cannula being carefully fiUed 
rntb blood vras then connected by rubber pressure-tubing mtb one of the 
arterial outlets of the pump (say m Fig 1) The other artenal outlet 
{A^ -would be connected for the time directly by blood-filled rubber 
tubmg -with Fi The cannula from the left auricle -was connected by a 
rubber tube so as to discharge mto the venous reservoir from -which, 
dunng action of the pump, the blood -was sucked by 7^ The connections 
aU bemg safely made, to the exclusion of bubbles, the artificial respira- 
tion-pnmp -was started, and then chps were removed and the circulation- 
pump set m motion Durmg circulation of the first 50 c c or so through 
the lungs, the outflowmg blood from the left aunole was caught m a dish, 
whipped and re-filtered, pre-filtered blood from the reserve bemg added 
to the reservoir as req^urred durmg this process Fmally all the blood 
available was returned to the system, m which it now circulated mto the 
pump through 7 2 , out through A^, directly from this to Fj out through 
A-^ to the pulmonary artery, through the lungs, and from the left auricle 
back to the reservoir feeding 7^ 

While the defibrmated blood was thus bemg circulated through the 
lungs, cannul® were bemg inserted for the systemic perfusion, either mto 
the lower ends of the abdommal aorta and vena cava, for perfusion of 
both fund hmbs, or mto the femoral artery and vem for perfusion of one 
leg In either case, loss of blood through collateral cha-nnels had to be 
excluded by careful mass hgatunng The hmd quarters were then de- 
tached from the rest of the carcase and transferred to the table adjommg 
the perfusion-pump, which was now stopped while the attachments were 
completed The arterial cannula was filled and attached, -with exclusion 
of bubbles, to the pressure-tube leading from A^, whde the blood from the 
venous cannula was led by a rubber connection to discharge mto the 
reservoir feedmg The pump being started, the first portion of blood 
issumg from the hmb-vems was agam caught, whipped, re-filtered, and 
then returned to the reservou Coimection was now made between the 
arterial cannulse and the correspondmg manometers and the strokes of 
the pumps so adjusted that the levels m the two reservoirs remamed 
practically constant 

In our experience, as m that of other workers, the use of the lungs for 
oxygenation preserves the blood m a much more physiological condition 
than does an artificial oxygenator, such as that devised by Hooker and 
used by Burn and Dale Hot only is the potent vaso-constnctor effect 
of the freshly defihrmated ox hepanmsed blood removed by the pre- 
lumnary circulation through the lungs, hut the moderate and more 
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normal vascular tone of the systemic vessels thus produced is maintained 
durmg a long perfusion, the vessels long retam their reaction to con- 
stnctor and dilator drugs, and oedema of the organs is long postponed 
It viU he obnous that, where a smgle pump only, with readily and 
accurately adjustable throw, is required for any physiological purpose, 
one pump of the type described above can be used Such a umt, as made 
by C H Palmer, Ltd , is illustrated m Fig 3 Obviously two or more of 



Fjg 3 

these could be arranged to drive from a common shaft Similarly the 
thermostat bath, in which the pumps are immersed m the system above 
described, may for some purposes be omitted or replaced by one more 
smtable for the particular need We are havmg one constructed at present 
m which the tubes from the pumps enter a chamber jacketed with warm 
water, in which a double perfusion of hver and lungs can be earned out 
without surface coohng of those organs For the perfusion of the hver, 
as desenbed by Dr Bodo and Mr Marks m a following paper, the use 
of the apparatus was further modified by usmg one pump to raise blood 
to an overflow reservou, from which the portal vein was perfused under 
constant hydrostatic pressure, while a pulsatile pressure was produced 
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time m 10 sec intervals 





THE EFFECT OF THE “HEART -TONICS” AND 
OTHER DRUGS UPON THE HEART-TONE 
AND CORONARY CIRCULATION 

By RICHARD BODO 

(from the Befartment of Physiology and Biochemistry, 

Unnersiiy College, London ) 

Thotjgh there exists a considerable hterature dealing with the subject of 
the heart-tonics, it has never clearly shown the uncomphcated efiect of 
these drugs upon the heart The majority of these investigations were 
made on the frog’s heart, but under conditions which are never to be found 
in inio, m that m these experiments the venous pressure and arterial 
resistance were identical Smce these conditions do not correspond to 
the physiological conditions the conclusions drawn from these experi- 
ments cannot be entirely convmcmg Another group of mvestigators 
used the mammahan heart as the experimental object and performed 
their experiments partly on the isolated heart, partly on the whole 
animal, on hearts left in situ Though the isolated heart is quite a useful 
preparation for some purposes, it is not smtable for the study of the 
efiect of the heart-tomes, because, the heart chambers being more or less 
empty, the heart performs much less work than in into the resistance 
being neghgible The experiments performed on the whole animal have 
shown many very important facts, but m spite of these, they do not show 
simply the direct effect on the heart, smce this might be compheated by 
the effect produced on the nervous system, which might change the heart 
rate, with a resultmg change m the output Even after exclusion of 
nervous effects there is another compheatmg factor to be dealt with 
practically every heart-tome havmg an effect on the vessels as well 
which might change the venous inflow and ventricular output, thus 
obscurmg the duect effect of the tome drug on the heart 

For the study of the duect effect of a drug upon the heart, Starhng’s 
heart-lung preparation seemed to be the most smtable, because m this 
preparation all the envuonmental conditions of the heart, viz , tempera- 
tiuc, composition, pH, volume and pressure of the entermg blood, and the 
opposition to the outflow offered by the arterial resistance, can be exactly 
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in the hepatic artery by use of the other pump The apparatus can doubt- 
less be adapted m other ways for other special purposes 

Fig 4 shows a record of the pressures m the “pulmonary” and 
“systenuc” arterial cannulse m perfusion through an artificial scheme, 
the systenuc and pulmonary resistances bemg represented by a high and 
a lou resistance respectively on the two sides of the double cncmt The 
volume recorder, commumcatmg with the air-space above the flmd m the 
“pulmonary” venous reservoir, eqmvalent to a stationary left auricle, 
shows {LA m Fig 4) the balance of the cuculation through the two widely 
different resistances produced by adjusting the relation of the two pump- 
strokes A sbght tightenmg, at Ti, of the clamp producmg the “systenuc” 
resistance causes a rise of systemic artenal pressure from about 80 to 
180 mm., and an mcrease of the volume of flmd m the pulmonary venous 
reservoir, at the expense of that m the systenuc reservou A small 
adjustment of the pump at A^ restores the balance at the new relation of 
resistances, but the mcrease of stroke required to effect this causes the 
systenuc pressure to rise further to about 220 mm At the clamp pro- 
ducmg the systemic resistance is sbghtly relaxed, producmg a faU of 
systenuc artenal pressure, and a loss of flmd from the pulmonary venous 
reservoir To balance this loss, the stroke of the systemic pump must 
agam be reduced at A^, producmg a further fall m the systemic pressure 
The whole cycle is then repeated at T^, A^ L^ and A^ It will be seen that 
the apparatus is made to produce, after a delay aUowmg the disturbance 
of equihbnum to become manifest, that adjustment of the work done by 
the pump to the resistance encountered by the outflow, which is necessary 
to restore equahty of output from both pumps This is, of course, the 
adjustment which the hvmg ventncle makes immediately and with great 
precision, and faihng which any mcrease of systemic resistance would 
produce rapid dilatation of the left auncle, and back pressure on the 
limgs Apart from its use m carrying out experimental perfusions, and 
studymg the effects of vascular reactions uncomphcated by this auto- 
matic adjustment of the hvmg heart, the apparatus nught have some value 
for purposes of demonstration, enabling the nature of this adjustment, 
and its necessity, to be shown with great clearness and precision 

SXJMMABT 

A double perfusion-pump is described, by which any part of the 
systemic vascular system and the pulmonary system may be perfused m 
contmmty, and the outputs adjusted m relation to the varymg resistances 
while the pump is m motion 



the effect of the “HEART-TONICS” AND 
OTHER DRUGS UPON THE HEART-TONE 
AND CORONARY CIRCULATION 

By iHCHARD BODO 

(From the Department of Physwhgy and, Biochemistry 
Dnnersity CoJleye, London ) 

Though there exists a considerable bteratuie deabng Yntb the subject of 
tbe beart-tomcs, it bas never clearly shown the nncompbcated effect of 
these drugs upon tbe heart Tbe majority of these mvestigations were 
made on the frog’s heart, but under conditions which are never to be found 
If! into, m that m these experiments the venous pressure and arterial 
resistance were identical Smce these conditions do not correspond to 
the physiological conditions the conclusions drawn from these experi- 
ments cannot be entirely convmcmg Another group of mvestigators 
used the mammahan heart as the experimental object and performed 
their experiments partly on the isolated heart, partly on the whole 
ammal, on hearts left in situ Though the isolated heart is quite a useful 
preparation for some purposes, it is not smtable for the study of the 
effect of the heart-tomes, because, the heart chambers bemg more or less 
empty, the heart performs much less work than in vivo, the resistance 
bemg neghgible The experiments performed on the whole animal have 
shown many very important facts, but m spite of these, they do not show 
simply the duect effect on the heart, smce this might be compheated by 
the effect produced on the nervous system, which might change the heart 
rate, with a resultmg change m the output Even after exclusion of 
nervous effects there is another compheatmg factor to be dealt with 
practically every heart-tome havmg an effect on the vessels as well, 
which might change the venous inflow and ventricular output, thus 
obscurmg the duect effect of the tonic drug on the heart 

For the study of the duect effect of a drug upon the heart, Starlmg’s 
heart-lung preparabon seemed to be the most smtable, because m this 
preparation all the environmental conditions of the heart, nz , tempera- 
ture, composition, pH, volume and pressure of the entermg blood, and the 
opposition to the outflow offered by the arterial resistance, can be exactly 
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controlled, changed within very wide hnuts, or kept unaltered during the 
whole of the experiment In this preparation the frequency of the beat 
depends only on the temperature of the pace-maker, provided that the 
pH of the blood is constant, and as has been shown m previous i\ ork, the 
hydrogen ion concentration of the blood, its COj and lactic acid content 
do not change appreciably durmg the course of an experiment after the 
first quarter of an hour So that, by keepmg the temperature of the 
entering blood constant, we can be assured of a regular rhythm through- 
out the whole of the experiment 

Further, it is qmte easy to mamtam the work of the heart constant, 
or to alter it withm wide limits by changmg the inflow or the arterial 
resistance In this preparation the direct effect of a drug upon the heart 
ought to be seen qmte clearly Hitherto, however, no experiments have 
been performed on the effects of the heart-tomes on the heart-lung pre- 
paration, with the exception of one mvestigation by Bijlsma and 
Iloessingh(l), who used the heart-lung preparation from the cat m 
order to mvestigate the effect of Strophauthm It seemed worth while, 
accordmgly, to mvestigate more fuUy the effect of the heart-tomes upon 
the heart under these conditions 

In the first place clear defimtions must be given of the meamng m the 
present paper of the terms “heart-tone” and “heart-tomes,” smee the 
term “tone” has been employed by many mvestigators m dealmg with 
the heart, both m physiological and pathological hterature, with a dif- 
ferent unpbcation Here it will be used as Starling defined it, m one of 
his earher papers (2), as “synonymous with physiological condition or 
fitness of the muscle fibre,” and more recently and more exactly (3) as 
“the mechamcal efficiency of the muscle fibre, i e the relation of the 
mechamcal energy to the total energy hberated ” It was found by 
Starling and YisschercS) that the oxygen consumption of the heart — 
which served as a measure m their experiments of the total energy set 
free m the heart durmg its activity — provided that the chemical and 
temperature conditions were mamtamed constant, was determined by the 
imtial length of its muscular fibres, te by its diastohc volume That 
means that, if the same work is done by two hearts, m one case with a 
small diastohc volume and m the other with a large diastohc volume, the 
mechamcal efficiency of the former is greater, the tone of the former is 
better than that of the latter This enables us to measure the heart-tone 
by measurmg the diastohc volume, provided that the work performed by 
the heart is mamtamed constant durmg the whole of an experiment It 
may accordmgly be expected of a drug which is desenbed as heart-tome, 
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tliat It toU enable tbe heart to perform the same work as before with a 
smaller volume 

Methods AU the erpenments have been earned out on dogs , the heart-lung preparation 
rvas made m the usual way, as descnbed by StarhngU) and his fellow workers from this 
Laboratorv The heart rate was maintained constant by keeping the temperature of the 
heart constant The temperature was measured m the blood entermg the heart The rate 
of the beat was recorded on a kymograph by a tambour, which was connected by air trans 
mission with a small piston recorder, the piston of which was pulled by means of a thread 
by the contracting auncle The output of the heart and the arterial pressure were mamtamed 
constant by keepmg the venous inflow and the arterial resistance constant. The output of 
the left ventricle was determined by tneasurmg the amount of blood flowing out on the 
venous side of the resistance This did not mdude the coronary flow, m order to determme 
the latter a Morawitz cannula was introduced mto the coronary smus According to 
Evans and StarlingOsi and ilarkwalder and Starlingu) this drams only three fifths 
of the coronary blood. The arterial pressure was measured by connecting the cannula m the 
innominate artery by means of a side branch with a mercurial manometer, the osdllatiDns 
of which were recorded on the kymograph. The amount of Wood entermg the heart was 
adjusted to the size of the heart, and it varied from 300-600 c. 0 . per mm. The arterial resist 
ance was adjusted to produce an artenal pressure of 100 mm. Hg Under these conditions 
the volume of the heart lung preparation remains for a time steady, but later, as the heart 
tires, it dilates continuously The drug was administered mto the venous blood reservoir 
m some of the experiments this was done at a tune while the heart volume was still normal, 
but m the majontyofthe espenmenta when the heart ha d become already tired and dilated, 
smoe it was thought that the conditions of the dilated heart would correspond more closely 
with those found m the pathological state In order to produce the heart dilation quiokly 
at the begmmng of an experiment either the venous inflow or the artenal resistance or 
both were mcreased. In order to measure the volume of the heart a Henderson oardiometer 
was employed, fitted with a special rubber sleeve of very thm material, which lay snugly 
against the heart The cardiometer was connected by air transmission with Palmer’s large 
piston recorder, the volume change of which was recorded on a kymograph. Special care 
was taken to make an absolute an tight seal around the ventncles without compressmg 
the atno ventricular rmg To control the pressure m the nght auncle — especially when 
fixing the cardiometer on the heartr— a cannula was mtrodaced mto the mfenor vena cava 
which was connected with a salmo manometer 

Among tke heart-tomes, the effects of the following have been m- 
1 estigated Digitalis, Caffeine, Camphor and Strychnine 


Experdients on the Heart-Tone 
Digttahs Of the Digitahs group the effects mvestagated were those 
of y-Strophanthm, of Digitalis tincture and of the Digitalis mfuEion In 
the first eTperiments p-Strophanthin was tested, and it was used in the 
same dose as was employed by Bijlsma and Roessinghd) on the cat’s 
heart, namelj , 0 03 mgm jF-Strophanthm pet 100 c c blood In onr 
experiments this dose, however, very soon caused a toxic effect It was 
necessary to perform a great number of experiments before the proper 
dose was found , m the earher experiments it was either given m too small 
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a dose, which had no efEect, or m too large a dose, which led very qmcUy 
to poisoning of the heart When used in the nght dose, which was found 
m our expenments to he 0 0026 mgm ^-Strophanthin per 100 c c of 
blood, it improves the function of the heart In most e:^enments the 
improvement is a real tome eSect, the heart volume becommg smaller, 
though the worlc performed by the heart is the same as before, the output, 
arterial resistance and heart rate being the same If the improving effect 
IS most marked (optimal), the heart comes back to its original volume 
(Fig 1) That the output, even at that smaller heart volume, remains the 


Ham 



Fig 1 Strophanthin. 

4= heart normal Temp 36 0°C. Heart rate = 138 Outflow = 650 o o. per mm. 
B?=.100mmHg \P=9 6cm.HtO Heart’s weight = 88 gm. Amount o£ blood = 
1000 0.0 H=heart dilatiiig At f 0 025 mg g^Strophonthm (0 0026 mg per 100 o.o 
of blood) was added. (7=30 mm. later Heart volume diminiBhmg, tome effect 

same as before, can be observed not only by measuring the amount of 
blood flowmg out on the venous side of the resistance, but it can also be 
seen from the cardiometer tracmg, the difference between the systohe 
and diastohc volumes, which shows the output, remammg unaltered 
(I'lg 1) 

Sometimes the improvement is only a prevention of further dilatation 
of the heart, and sometimes there is no improvement at all, possibly m 
such cases the drug was given too late so that the heart could not react 
any more Whatever improvement occurred was not apparent immedi- 
ately after the administration of the drug, it was manifest only about 
15-30 rmn later, but it was lastmg Strophanthm m the dose used here 
did not change the heart rate 

Digitalis tincture produced almost the same effect (Fig 2), and the 
effect appeared about the same time after the administration 

It seemed possible that qmcker and more regularly defimte results 
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^ght be obtained by using a Digitalis preparation not containing alcoM 
bk! tbe two already discussed, since it is known from Snlzer s wotklD 



Fig 2, DigitaliB tinctttre. 

^ = heart slightly dilating Temp 37 0°C1 Heart rate — 160 Outflow =600 c-c. 
per nun, B.F = 130 mm. Hg vp=9 6cm. Heart’s weight =73 gm. H=well marked 
dilation. At fi 0 6c.c. Digitalis tmctnio was added. 0=6 mm. later Heart still 
{urtber dilating At In 1 0 c c- Digifahs tmctnre was added. D= 20 mm. later, tonic 
cBect 


that alcohol causes a heart dilatation in the heart-lung preparation, and 
It seemed conceivable that the dilating effect of alcohol might weaken or 
antagonise the tonic effect of Digitalis In order to exclude the compb- 
cating effect of alcohol, an infusion of Digitalis leaves (in the concen- 
tration of 1 100) was prepared and used for the experiments, the tome 
effect obtamed in this way was more marked, the volume decreased in 
every experiment to normal, but the effect was agam produced only after 
13-20 mm (Fjg 3 ) 

The tome effect caused by all these preparations of Digitalis though 
dela} ed in onset was lastmg, except when the dose was too large, so that 
the tonic effect was followed very soon by the toxic effect 

Cajffnnc In contrast to the effect of Digitalis, which, as shown above, 
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a dose, ■whicli had no effect, or m too large a dose, rvlucli led very quickly 
to poisoning of the heart When used in the right dose, irhich was found 
m our expenments to he 0 0026 mgm ^-Strophanthin per 100 c c of 
blood, it improves the function of the heart In most experiments the 
improvement is a real tome effect, the heart volume beconimg smaller, 
though the work performed by the heart is the same as before, the output, 
arterial resistance and heart rate bemg the same If the improvmg effect 
IS most marked (optimal), the heart comes back to its origmal volume 
(Fig 1) That the output, even at that smaller heart volume, remains the 
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Pig 1 StrophanthiD 

j!l= heart normal Temp 36 0° C Heart rate = 138 Ontfloir=650 c.c per mm. 
BP =100 mm Hg vp=9 5om.H,0 Heart’s weight = 88 gm Amount of blood = 
1000 c 0 S=heart dilating At | 0 026 mg g Strophanthm (0 0026 mg per 100 c.c 
of blood) was added. C = 30 min. later Heart volume riiminiabing , tome effect. 


same as before, can be observed not only by measurmg the amoimt of 
blood flowmg out on the venous side of the resistance, but it can also be 
seen from the cardiometer tracing, the difierence between the systohe 
and diastohc volumes, which shows the output, remainmg unaltered 

(Fig 1) 

Sometimes the improvement is only a prevention of further dilatation 
of the heart, and sometimes there is no improvement at all, possibly m 
such cases the drug was given too late so that the heart could not react 
any more Whatever improvement occurred was not apparent immedi- 
ately after the administration of the drug, it was manifest only about 
16-30 mm later, but it was lastmg Strophanthm m the dose used here 
did not change the heart rate 

Digitalis tmeture produced almost the same effect (Fig 2), and the 
effect appeared about the same tune after the administration 

It seemed possible that qmcker and more regularly defimte results 
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Fig 2, BigitaliB tincture, 

A=heart slightly dilating Temp 37 0^0, Heart ratc = 150 Outflow=600 c.c 
per nun. bp =130 mm, Hg YP=9 6cm. HeaTt*8'weight=73 gm* B='^ll marked 
dilation. At f 1 0*6 c.c. Digitalis tmcture was added, 0=5 mm, later Heart stall 
further dilating At fn lOcc Digi tabs tincture was added, D= 20 min, later, tome 
efiect 

that alcohol causes a heart dilatation m the heart-lung preparation, and 
It seemed conceivable that the dilating efiect of alcohol might iveaken or 
antagonise the tome efiect of Digitalis In order to exclude the comph- 
cating efiect of alcohol, an infusion of Digitahs leaves (in the concen- 
tration of 1 100) was prepared and used for the experiments, the tome 
efiect obtained m this way was more marked, the volume decreased in 
every experiment to normal, but the efiect was again produced only after 
15-20 min (Pig 3 ) 

The tome efiect caused by all these preparations of Digitalis though 
delaj ed in onset was lasting, except when the dose was too large, so that 
the tonic efiect was followed very soon by the toxic efiect 

Caffeine In contrast to the efiect of Digitalis, which, as shown above, 

25—2 



370 


R BOLD 


IS delayed m onset but lasting m character, the tome effect of Caffeme is 
rapid in onset but evanescent (Fig 4) The Caffeme was administered as 



Fig 3 Digitabs mfnaon. 

heart normal Temp 37-0° C Heart rate = 146 Outflow=671 c-c per mm. 
B.P m the begmmng = 110 mm. Hg , later=130mm. Hg TP=80cm HjO Heart’s 
weight = 82 gm. H=heart dilating At f lOOao Digitahs mfnmon (1 100) were 

added. C=20 mm. later, tome effect. 

the double bensoate of caffeme and sodium, m such a dose (0 06 to 0 1 gm 
of caffeme reckoned as base) that the rate of the heart was not affected 
When the effect of the Caffeme is over the heart resumes its slow dilatation , 



Fig 4 Caffeme 

j4 = heart slightly dilatmg Temp STO^C Heart rate = 163 Outflow=500 c.c per 
min B.P=140mm.Hg vp=96cc Heart s weight = 133 gm. A = Heart further 
dilating At ti 0 06 gm. Caffeme was added, transitory tome effect At f n 0 lOgm 
Caffeme was added, transitory tome effect 

and the effect of Caffeme can be repeated several tunes, smee the tome 
effect does not give way to toxic action, as m the case of Digitalis 

Camphor To our surprise and m contrast to the tome effeets of 
Digitalis and Caffeme, Camphor caused dilatation of the heart In the 
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earliest experiments tlie alcoholic solution of Camphor iras used (0 10 
and produced in every case a ivell-matked heart dilatation (Fig 5) The 



Fig 5 Camphor (dissolved in Alcohol Salme) 

Temp. 37 0’ C Heart rate=158. 0atflovr=400 c c. per mm- bj =105 nun. Hg 
Tj =8 0 cm. Heart’s weight =81 gm. Heart dilating At •} 010 gm. Camphor 
dissolved m Alcohol.Salme vras added, caused a wcU-matked dilatation. 

result obtamed seemed to be m contradiction to the generally accepted 
medical opimon concermng Camphor, and therefore the possibihty that 
the solvent alcohol might be responsible for the dilatation of the heart 
had first to be excluded Camphor od could not be used for our purpose 
and the Aqua Camphorata u s p vras therefore used as the only smtable 
preparation. This vas prepared according to the prescnption of the 
u s p , 0 8 gm Camphor bemg triturated vrith 0 8 c c of 95 p c Alcohol 
m a mortar, 1 6 gm Purified Talc being then added and the tnturation 
contmued until the Alcohol evaporated, 100 c c recently boded dis- 
tilled HoO bemg finally added The mixture was repeatedly filtered untd 
the Camphor Water became perfectly clear The Camphor content of 
Camphor Water prepared m this way was not exactly known, because a 
great amount of the Camphor was retamed on the Talc and probably only 
a very small part went through the filter, X0-20-30c c of this solution 
were used for the experiments (that is, the average therapeutic dose of 
this preparation accordmg to the u s p ), and these doses producedm every 
case a very marked ddatation of the heart In order to make these results 
qmte convmcmg, there were two factors stdl to be excluded Firstly, the 
large amount of fluid used might be responsible for the ddatmg effect 
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obtained (change m the viscosity of the blood?), and secondly — since the 
Aqua Camphorata still contains traces of Alcohol — fbe Alcohol present 
might be the responsible factor Control experiments were performed for 
this purpose 20—30 c c Sahne were added to the venous reservoir to 
control the volume-effect, and an Alcohol-Sahne solution was prepared 
m the same way as the Aqua Camphorata u s p , contaimng aU the con- 
stituents of the Aqua Camphorata except the Camphor, and 20-30 c c 
of this solution were similarly added These experiments, however, pro- 
duced only negative results, neither the 20-30 c c Sahne nor the 20-30 
c c Alcohol-Sahne solution produced any dilatation of the heart (Fig 6) 



Iig 6 Aqua Camphorata u s P Salme Alcohol-Sahne 
Temp 37 0°C. Heart rate 138 per mm Oatflow=430c.a permin. b.p =110mm 
Hg VP =7 0cin.H;O Heart’s weight = 101 gm. A = Heart normal, at fi 20 0o,c. 
Aqna Camphorata v s p added. 5 At | u 30-0 ac of Salme added. O At fjjj 
20 0 c.a Alcohol Salme (0 8 100) added. Z) At f rr 20 0 c.c. Aqna Camphorata 
tr s p added. 

It IS accordingly proved that the dilatation of the heart following ad- 
ministration of Camphor is a genume effect of that substance Camphor 
m the dose used did not alter the heart-rate 

Strychnine FmaUy Strychnme was tested m this preparation, because 
it has been largely used by chmcians on the assumption that this drug 
has a tome effect on the human heart In the heart-lung preparation from 
the dog no such effect has been seen (Fig 7) 
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EpFECTS or THE iBOVE DeUGS ox the CoEOXAPY ClECELATlOX 
It «:°emed rrortli rrhile to investigate the efiect of these drugs upon 
the coronarv cnculation hecause there the possibihtv that the tonic 



Ils 7 StrTchnjDe 

Trap 37-0 C Heart rate 142 p" mm. Ont9crs-=413c.c.permin. ej> =110rim. 

Hi tj =S cm. H-O Hearts •greish‘=S2gm. At ■{ i 0-0002 gta. Strcctnine Ealph. 
addod. At u (K'O’14 cm. StTVclmme salph, odd»d. A"^ ■{ m OOOlO gm. Strvcli 
nine rjph. add“d. 

ehect vras onlv a consequence of the efiect produced on the coronarv 
vessels It tvas quite conceivable that a drug might produce its tome 
efiect hv dilating the coronarv vessels and therebv improving the blood 
flotc through the heart muscle On the other hand there was the possi- 
bihtv that the sequence might be the opposite of this the pnmarv efiect 
bemg the action on the heart muscle fibres a tome efiect causing a com- 
pression of the coronarv vessels or a dilating action on the muscle pro- 
ducing a passive widening of the coronarv vessels 

The experiments performed for this purpose (Tables I 11 III IT) 
show that the Digitalis group (Strophanthm Digitalis tmetnre) Cafieme 
and Camphor all dilate the coronarv vessels The mcrease m the coronarv 
flow bv Strophanthm and Digitalis tmetnre was onlv a moderate one 
and rt did not appear immediatelv, Cafieme mcreased the coronarv flow 
much more and the efiect was mstantlv noticeable Camphor produced 
onlv a slight mcrease in the coronarv flow 
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liSLE IV 


Time 

Temp- 36*0’ C 

Svstem 

output 

C.C. per nun 

Heart rate = 

Coronary 
gmns 
output 
c c, per mm. 

138 per mm. 

Total 
coronarv 
flenv (calc.) 
c c. per nun. 

lOS 

m 

36 

GO 

109 

— 

• 


110 

m 

36 

60 

113 

■ioa 

39 

65 

1 14 

— ■ 




1 IG 


42 

70 

1 18 



44 

73 

1,19 

375 

47 

78 

1 20 

' — 




T 00 

sot 

GO 

100 

L24 



63 

105 

1,20 

— 

63 

105 

E27 

— 

— 

— 

128 

30S 

78 

130 

131 

— 

81 

135 

132 

— 

— 

— 

1A4 

353 

90 

150 

137 

— 

93 

155 


B.T =110mm, Hg 


Addition oi 

1-0 C.C Aqua Camphoiata 


5-0 C.C. Aq^na Campliorata 
rsp 


20-0 C.C Aqns Campliorata 


2o 0 C.C. Aqua Camphorata 
usr 


25 0 c-c. Aqua Campliorata 
vsv 


Effects of Cebtats otheb Ebdgs 
In order to obtain j et further evidence as to a possible relationship 
between effects on the heart muscle, on the one hand, and on the coronary 
circulation on the other it was thought desirable to examine by the same 
methods certam other substances which had no reputation as heart- 
tomes, but were known or suspected to have an action on the cotonaty 
^ essels 

}>t(ri(es Though Laudet-Brunton(S) mtroduced Amyl mtnte m 
therapeutics m 1867, its vaso-dilator effect on the coronary artenes was 
only later demonstrated byCow(9)andPal(i0)onisolatediesselstnps,and 
hi Schlossdi) and Loeb(i2) on the coronary circulation Our purpose 
IS to determine whether it would have the same effect m the denervated 
heart-lung preparation 

As can be seen in Tables Y and "S'! both Amyl mtnte and Sodium 
nitrite mcreased the coronarv flow also in this preparation, and the effect 
appears vert rapidlv and can be repeated manv times Y’lth regard to 
tbeir action on the heart -tone there is a difference between them Am yl 
mtnte bavmg no effect at all and Sodium mtnte, m larger doses, causing 
a heart dilatation (Figs 8 and 9) 
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Table L 

Temp. 37 0° C Heart rate = 160 per mm. B.P =100 mm. Hg 



System 

Coronary 

Total 



emus 

coronaiy* 


Time 

output 

output 

flow (calc ) 


O.C perimiL 

0 0 per Tnin. 

C.0 per mm. 

Addition of 

100 

430 

61 

86 


1 10 

— 

64 

go 


1 16 

— 

64 

90 


1 16 

— 

— 

— 

0 1 c 0 gHtrophanthm 

I 18 

430 

61 

86 

120 

— 

61 

85 


121 

— 

— 

— 

0 2 ao g.Strophanthm 

1 23 

430 

60 

100 

126 

— 

60 

100 


1 36 

— 

69 

116 



* The total coronary flow figures were obtamed from the coronary 
smua ontpnt by mnlbplymg them by 6/3 


Table H 

Temp 37 0° C. Heart rate = 160 per nun, b J = 100 mm Hg 




Coronary 

Total 



System 

smus 

coronaiy 


Time 

output 

output 

flow (calc.) 

Addition of 

c«c, per mim 

0 0 . per mm 

c.c.pCTmm 

3 08 

550 

32 

63 


313 

— 

32 

63 


3 14 

— 

— 

— 

0 6 c 0 . Digitalia tmctnre 

316 

— 

32 

63 

319 

650 

32 

63 


3.26 

— 

32 

63 


3^7 

— 

— 

— 

0 6 ao Digitalis tmoture 

3 29 

— 

32 

63 


3 33 

— 

— 

— 

1 0 ac Digitalis tmctnre 

3 38 

— 

— 

— 

1 0 0 a Digitalis tmctnre 

3 39 

660 

40 

66 


340 

— ^ 

— 

— 

6 0 aa Digitalis tmctnre 

3 41 

— 

66 

93 


344 

600 

71 

118 


3 47 

. — 

72 

120 


348 

— 

— 

— 

Toxic effect 


Table TTT. 


Temp 37 0° C Heart rate = 162 per nun. bp =110 mm. Hg 



System 

Coronary 

emoB 

Total 

coronaiy 


output 

output 

flow (cala) 

Tune 

O.C. per nun. 

ac per nun. 

aa per mm. 

1.66 

376 

41 

68 

2.06 

— 

43 

72 

2 11 

— 

43 

72 

2.12 

— 

— 

— 

2 13 



99 

165 

2 14 

■ - 

108 

180 

2.21 

261 

111 

185 

2 22 
2.24 

2 27 

— 

136 

225 

240 

132 

220 


Addition of 


0 10 gm. Caffeme 


0 10 gm. Cnfleme 
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Table IV 


Temp. 36-0’ C Heart rate =138 per mm. 


Time 

Svstem 

output 

c.c.perinw 

Coronaiy 

gmoa 

output 

ec.permm. 

Total 
Qonmarr 
flow (calc.) 
C.C. permiB- 

1 OS 

462 

36 

60 

109 

— 

— 


1 10 

462 

36 

60 

1 13 

462 

39 

65 

1 U 

— 

— 


1 16 


42 

70 

1 IS 



44 

73 

1 19 

375 

47 

78 

1.20 

— 

““ 

~ 

122 

364 

60 

100 

1.24 


63 

105 

1.26 

— 

63 

105 

3.27 

— 

— 


1.2S 

303 

7S 

130 

131 

— 

SI 

135 

132 

— 

— 

— 

134 

353 

90 

150 

1 37 

— 

93 

155 


B.E =110 mm. Hg 


Addihon ol 

1-0 C.C Agua Camptorata 
r.ST 


5-0 C.C. Aqua Camptorata 
USE 


20-0 C.C, Aqua Camphorata 
tr.s r 


25 0 C.C. Aqua Camphorata 
r.SJ? 


25 0 C.C. Aqua Camphorata 
r SE 


Effects of CmTAts otheb Drugs 
In order to obtain vet further evidence as to a possible relationship 
between effects on the heart muscle, on the one hand, and on the coronarr 
circulation on the other it was thought desirable to esamme by the same 
methods certam other substances which had no reputation as heart- 
tomes, but were known or suspected to hare an action on the coronary 
\essels 

^ilnfes Though Lauder-Brunton(S) mtroduced Amyl mtnte m 
therapeutics m 1867, its raso-dilator effect on the coronary artenes was 
on\\ later demonstrated by Co ww and Pal(io)onisolatedvesselstrips, and 
bi Schloss(n) and Loeb(i2j on the coronary circulation. Our purpose 
I'i to determine whether it would have the same effect m the denervated 
heart-lung preparation 

.\s can be seen m Tables Y and YI both Amyl mtnte and Sodium 
nitrite mcreased the coronarr flow also m this preparation and the effect 
appears i er} rapidlr and can be repeated many times TVith regard to 
their action on the heart tone there is a difference between them Amyl 
nitrite haimg no effect at all and Sodium mtnte, in larger doses, causing 
a heart dilatation (Figs 8 and 9) 
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Tune 

1 65 
200 

2 05 
2 08 
211 
2.12 


Table V 

Temp 37 0-C Heart rate ==142 ^ „ 

Cotenar. 

coronaiy 
flow (calc ) 

ecj^muL Addrhonof 

oO 
flO 

469 00 


System 
output 
o c. per nun, 
444 


Coronary 
smuB 
output 
c c. per nun. 
36 
30 
38 


36 


60 


2 13 
215 
217 
2 23 
2 24 
2 24 

2.26 
2 26 

2 27 
2 28 
2 31 

233 
2 32 
2.33 

234 
236 

235 
2.36 
2 37 
2.3S 
2 39 
240 
2 41 

242 

243 

244 


444 



340 


84 

60 

45 

33 

06 

90 

51 

60 

64 

45 

45 

87 

06 

60 

72 

111 

111 

105 

98 

87 

78 

72 

06 

72 


140 

100 

75 

55 

160 

ISO 

85 

100 

BO 

75 

75 

146 

110 

100 

120 

185 

185 

176 

160 

145 

130 

120 

110 

120 


3 muuM Amyl nitrite 
mixed m the inspired 
air ^ 


3 mmuns Amyl nitnta 


3 mmuns Amyl mtnte 


3 muums Am^l njtnte 


fKjlSKIi 




Fig 8 Amyl mtnte 

Oat9ow=44 

3mmuns Amyl mtnte mixed mth the mspu^^ 

t n 3 minim. Amyl mtnte injected mto the xenons Wood close SJI 


A=Heart normal. Temp 
per nun. B.B =130mm Sg 


c c. 

7i 

At 
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c Table VL 

Temp 37-0’ C Heart rate=148 per mm. B.B =110 mm. Hg 
Heart’s -n-eight = 130-0 gm. 


Time 

System 

output 

C.C. permiiL 

Coronary 

smos 

output 

C.C. per mm. 

Total 
coronarv 
flow (calc.) 
C.C per mm. 

Addition of 

4.36 

444 

35 

68 


4.41 

— 

35 

53 


4.46 

— 

35 

58 


4.47 

— 

— 

. — 

0-05 gm Sodmm mtnte 

4.49 

— 

41 

68 

4.63 

— 

45 

75 


4 55 

444 

45 

75 


4.56 

— 

— 

— 

0 10 gm. Sodium mtnte 

4.5S 

— 

54 

90 

500 

— 

66 

110 


5 01 

— 

— 

. — 

0 15 gm. Sodmm mtnte 

5 02 

— 

71 

118 

5 05 

— 

90 

150 


506 

— 

102 

170 


3 03 

345 

114 

190 


510 

— 

— 

— 

0-15 gm. Sodmm mtnte 

5.13 

250 

162 

270 

5 15 

— 

180 

300 


617 

— 

195 

325 


519 

— 

213 

355 


523 

— 

240 

400 




•tig 9 Sodmm mtnte 

wo™ Sod,ra„B,„L.dd.i “!•">"■£>“=«» 8». At t, 
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TAKT.r. y 


Temp 37 0° 

System 

output 

C Heart rate 
Coronary 

SITinH 

output 

= 142 per mm. 

Total 
coronary 
flow (calc ) 

Time c c. per mm 

c c per min. 

C.C. per mm 

1 66 

444 

36 

60 

200 

— 

36 

60 

2.05 

— 

36 

60 

2.08 

469 




2 11 

— 

36 

60 

2.12 

— 

— 


2 13 


84 

140 

2 16 

— 

60 

100 

2 17 

444 

45 

76 

2 23 

— 

33 

56 

2 24 

— 

— 



2 24 

— 

96 

160 

2 26 J 

f - 

90 

160 

2 26 1 

1 

61 

85 

1 - 

60 

100 

2 27 


54 

90 

2 28 

429 

46 

75 

2.31 

— 

45 

76 

2 32 

— 





2.32 

— 

87 

145 

2 33 

— 

66 

110 

234 

— 

60 

100 

2 35 

— 

— 



2 36 

— 

72 

120 

2.36 

— 

111 

185 

2 37 

— 

111 

185 

2.38 

340 

105 

176 

2 39 

— 

96 

160 

240 

— 

87 

146 

2 41 

— 

78 

130 

2.42 

— 

72 

120 

243 

— 

66 

110 

244 

— 

72 

120 


B p = 100 mm. Hg 


Addition of 


3 mimina Amyl nitrite 
mix ed m the mspired 
air 


3 minima Amyl mtnte 


3 minims Amyl mtnte 


3 mimms Amyl mtnte 


V Wllmurfilrlfff 

BMlHi 


Fig 8 Amyl mtnte. 

A =Heart normal Temp 36 0'’C. Heart rate = 142 per mm. Outflow = 444 o c. 
per mm. BP =130 mm. Hg vj =7 0 cm H.0 Hearts meight = 79gm At f i 
3 TTunimn Am yl mtnte mixed with the inspired air B= Heart shghtly dilatmg At 
I u 3 minima Am yl mtnte mjected mto the renona blood close to the heart 
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. Table VL 

Temp 37 0°C Heart rate =148 per mm. BP =110 mm Hg 
Heart’s •weight =130 0 gm 


System 

ontpnt 

Time c 0 per mm. 
4.36 444 

441 — 

4.46 — 

4 47 — 

4.49 — 

4 S3 — 

466 444 

4 66 — 

4 68 — 

600 — 

6 01 — 

6 02 — 

6 05 — 

6 06 — 

6 08 345 

510 — 

613 250 

616 — 

617 — 

619 — 

6 23 — 


Coronary 
smus 
output 
0 . 0 , per mm 
35 
35 
35 

41 

45 

46 

64 

66 

71 

90 

103 

114 

102 

180 

195 

213 

240 


Total 
coronary 
flow (calc.) 
0 c per mm. 
68 
68 
68 

68 

76 

76 

00 

110 

118 

160 

170 

190 

270 

300 

326 

365 

400 


Addition of 


0 05 gm Sodium mtnte 


0 10 gm Sodium mtnte 


0 16 gm Sodium mtnte 


0 16 gm Sodium mtnte 



Fig 9 Sodium mtnte 

j 4 = Heart normal Tcmp 37 0’C Heart rate =132 per rom. Outflow =429 c,c. per 
mm. lur =100 mm. Hg \ p =0 0 cm H.O Heort’s wcight=89 gm At ti 
0 10 gm Sodium mtnte -was added. 2 } At -f h 0 16 gro Sodium mtnte was added, 
C At -f 111 0-50 gm Sodium mtnte was added, heart dilating 
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Insulin It was recently shown by Visscher and MiillerpS) from 
this Laboratory that Insulin produces a tonic efEect, that is to say that, 
provided the heart rate, the venous inflow and the arterial resistance are 
maintained constant, the work performed by the heart, and the output 
remam the same, but the heart volume is diminished under its action. This 
effect, which lasts very long, was obtained m our experiments withas httle 
as five imits of Insulin and could not be repeated, a second dose bemg 
always meffective (jFig 10) The effect of Insulm was tested on the 



Fig 10 Insulin. 

Temp 37 0° C. Heart rate - 160 per nun. Outflow = 622 c c. per min, bp =110 
mm. Hg VJ =8 0om.HjO Heart’s weight=86gm. Before the administration of 
TTumlTTi 1 0 gm Dextrose was added. At f 10 nmts of Insulm were added. Heart 
volume diminishing, tome effect 


Tanim VH. 

Temp 37 0° C Heart rate 162 per mm. B.r =110 mm. Hg 


Time 

System 

output 

C.C, per mm. 

Coronaiy 
smos 
ontprat 
c a per mm. 

Total 
coronaiy 
flow (calo.) 
C.O. permm. 

Addition of 

140 

444 

76 

126 


146 



78 

130 


1.60 



78 

130 


1 61 



— • 

— 

1 0 gm. Dextrose 

1 56 



90 

160 

1 66 



— - 

— 

6 mute of Insulm 

200 

444 

83 

138 


2.05 



93 

166 


2 10 

444 

93 

165 


2 13 



— 

— 

10 units of Tnanlm 

2 18 



60 

110 


2.19 



60 

100 


2 23 



60 

100 


2.28 



66 

110 

10 nmts of Insuhn 

2.30 



— 

— 

2 34 



64 

90 


2 39 



61 

86 


246 

— 

64 

90 
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coionary circulatioa (Table VH), and it was found tiiat a small dose 
(five units), wbicb. was sufficient to produce a tome effect, liad eitliex no 
influence on tbe coronary circulation or caused a slight transitory con- 
striction, but that a larger dose (ten units) consfencted the coronary 
vessels, diminishing the coronary flow 

Pituiinn Pituitrin, which has a vaso-constrictor effect on the vessels 
in general (Oliver and Schafer (13)), diminished also the coronary flow in 
Dale’sfW) experiment on the isolated heart This latter effect was ob- 
served in this preparation as well, but could he produced only once, 
not more, even with a larger dose (Table VIH) Its effect on the heart 


Table VUL 

Temp 37 0’C Heart rate = 150 per nun, bp =110 nun Hg 
Heart’s weight =80 0 gm. 


Tune 

System 

c,c, permuL 

Coronary 

gmoa 

output 

C.C per mm. 

Total 
cotonaiy 
flow (calo.) 
caper mm 

Addition ot 

1 16 

444 

20 

33 


125 


21 

36 


m 

U4 

23 

38 


135 

— 

— 

— 

0 1 c c. Pitmtnn 

137 

444 

17 

28 


136 

— i 

14 

23 


136 

— 

14 

23 


140 

— 

14 

23 


143 

444 

15 

26 


147 

— 

17 

28 


183 

444 

32 

37 


154 

— 

— 

— 

0 2 ac, Pitoitim 

I 35 

— 

21 

36 


1 57 


16 

30 


1 59 

462 

23 

38 


201 

— 

24 

40 


2 02 

* — 

— 

. — 

0 5 c c Pittutrm 

2 03 

— 

24 

40 


204 

462 

24 

40 


2.0G 


28 

47 


2 OS 

— 

30 

50 


2.10 


30 

50 


2.12 

462 

32 

53 



lolumc was also observed and it was found that it dilated the heart 
immediately after its administration m a very high degree, but that this 
dilatation was of transitory character and could also be observed only 
once or, m some of our expenments, twice, but no more, if a second 
dilatation occurred it was never so marked as tbe first (Fig 11) 

As m our expenments the volumes of both ventncles are recorded 
together and cannot be separated, it was conceivable that in the observed 
heart dilatation after the administration of Pituitnn the nght ventncle 
played a greater part, for which an mcrease m the resistance of the 



380 


R Bono 


palmonaiy system, caTised either by the direct constnction of the vessels 
or by the compression of these vessels by the constncted bronchioh, 



Fig iL Pituitrm. 

A Heart normaL Temp 37 0° C Heart rate = 148 per nun. Outflow=492cc 
per mm. bp =130 mm Hg vp=80cm H,0 Heart’s weight = 109 gm. Atfi 
0 1 c 0 , Pitmtrm was added. Transitory dilating effect B At t u 0 2 c.c. Pitmtim 
was added. Again normal. 0 At fm lOcc Pitmtrm was added. 


might be responsible In order to mvestigate this possibdity, the pressure 
was measured m the pulmonary system by msertmg a cannula m one of 
the branches of the pulmonary artery and connectmg it with a salme 
manometer In Table IX, it can be seen that there occurred practically 

Table IX. 



Temp 37 0°C 

System 

output 

Heart rate = 168 per mm. B.P = 130 mm. Hg 

Heart’s weight =143 0 gm. 

Venous Pulmonary 
pressure pressure 

Tune 

o.c.perimn. 

cm. H,0 

cm. H,0 

Addition of 

1 25 

600 

10 6 

14-18 


1 27 

— 

— 

— 

0 1 C.O. Pitmtrm 

1 31 

600 

13 6 

16-17 

Heart dilated 

146 

600 

10 6 

14-16 

Heart volume agam normal 

148 

— 

— 

— 

1-0 C.C. Pitmtrm 

1 62 

600 

11 

16-17 

No effect 


no change m the pulmonary pressure durmg the whole of the experiment, 
so that this could not be the cause of the heart dilatation The concord- 
ance m the appearance and duration of the phenomena observed, both 
m the heart dilatation and diminished coronary flow, is so staking, that 
it makes it highly probable that m the case of Pitmtrm they are m causal 
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relationship, the constriction of the coronary flow being the primary 
eSect 

Quimdine As it has been stated by v FreyfiB) and by Lewis and his 
co-workers (18) that Qninidine is more effective than Qninine, the alkaloid 
originally nsed by W enckebach(Vi) m restoring the normal rhythm m 
cases of ohmcal fibrillation, and since the first was beheved to be less 
toxic for the heart than the latter (S ant e s s o n (18), V ale y and W all ex (19)), 
it was substituted in therapeutics for the latter Accotdmg to Lewis 
and his pnpil8(2o) Quimdme lowers the B a rate, reduces the rate of 
conduction m auricle and ventricle, depresses the A v conduction and 
lengthens the absolute refractory period of the anncnlax muscle In view 
of these effects, it seemed desirable to test this alkaloid m the heart-lung 
preparation as well A dose of 0 0066-0 01 gm Qumidine sulphate was 
found to produce in addition to a bradycardia, a very well-marked heart 
dilatation (Fig 12) The slowing of the heart heat would cause m itself 



■rig 12 Qouudone, 

4 =Heart normal Temp 37 0'-0 Heart per mlm Outflow =480 c o, 

“»• Hg VP =70 cm. H,0 Heart’* wmght=83 gm. At 
Heart dflatmg At OOOflflgm. 


a dilatation by prolonging the diastohc filling of tie heart In order to 
in%est^ate how far this is responsible for the heart dilatation the heart 
was artificially dm en by means of rhythmic electrical stnnuh during the 
whole of an experiment, before, during and after the administration of 
Quimdme. at a nte corresponding with the ongmal rate of the heart 
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pulmonary system, caused either by the direct constriction of the vessels 
or by the compression of these vessels by the constricted bronchioh, 



Fig IL Pitnitnn. 

A Heart normal Temp 37 0° C Heart rate = 148 per mm. Ontflom=402 c.c 
per mm. bp =130 mm Hg vp=80cm H,0 Heart’s weight = 109 gm. At fi 
0 1 0 a Pitmtrm was added. Transitory dilating effect 5 At tu 02cc. Pitmtnn 
was added. Agam normal C At tm lOcc. Pitmtrm was added, 

might be responsible In order to mvestigate this possibihty, the pressure 
ivas measured m the pulmonary system by insertmg a cannula m one of 
the branches of the pulmonary artery and connectmg it ivith a salme 
manometer In Table IX, it can be seen that there occurred practically 

Table IX. 

Temp 37 O'" C Heart rate =168 per mm, Bp=130mm Hg 
Heart’s weight =143 0 gm. 


Tune 

System 
output 
c.c.per min. 

Venous 
pressure 
cm. HjO 

Pulmonary 
pressure 
cm, H,0 

Addition of 

126 

600 

10 6 

14^16 


127 

— 

— 

— 

0 1 C.C Pitmtrm 

1 31 

600 

13 6 

16-17 

Heart dilated 

146 

600 

10 5 

14-16 

Heart Tolume agam normal 

148 

— 

— 

. — 

1 0 c.a Pitmtrm 

162 

600 

11 

15-17 

No effect 


no change m the pulmonary pressure durmg the whole of the experiment, 
so that this could not be the cause of the heart dilatation The concord- 
ance m the appearance and duration of the phenomena observed, both 
m the heart dilatation and dimimshed coronary flow, is so striking, that 
it makes it highly probable that m the case of Pitmtrm they are m causal 
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relationslup, tie constnction of tie coionary flovr 'being tie primary 
effect 

Qutntdtne As it bas been stated by v Frey (is) and by Lewis and his 
co-workers (16) that Quinidine is more effective tban Qtunme, the alkaloid 
originally used by Wenckebach(i7) m restonng the normal rhythm in 
cases of clmical fibrillation, and smce the first was beheved to be less 
toxic for the heart than thelatter(Santesson(i8),V aleyandW aller(i9)), 
it was substituted m therapeutics for the latter According to Lewis 
and his pupils ( 20 ) Qumidme lowers the s a rate, reduces the rate of 
conduction m auricle and ventricle, depresses the A v conduction and 
lengthens the absolute refractory period of the auricular muscle In view 
of these effects, it seemed desirable to test this alkaloid m the heart-lung 
preparation as well A dose of 0 0066-0 01 gm Qumidme sulphate was 
found to produce m addition to a bradycardia, a very well-marked heart 
dilatation (Fig 12) The slowmg of the heart beat would cause m itself 



Pjg 12 Qoinidiae 

d = Heart normal Temp 37 0“C. Heart rate = 168 pet mm, 0utflow=480 c.c 
Hg VP =7 0 cm. HjO Hearts weight =83 gm. At 
,i 0 0006 Qumidme sulphate was added. Heart dilating At tn 0 0066gm 

Qumidme sulphate was added. * 


a dilatation by prolonging the diastohc fiUmg of the heart In order to 
miestigate how far this is responsible for the heart dilatation the heart 
was artificially dm en by means of rhythmic electrical stimuh durmg the 
nhole of an eTperunent, before, durmg and after the admmistratiL of 
Quimdine, at a rate cotrcspondmg with the onguinl rate of the heart 



Fig 13 Qnimdine. 

Temp 37 0° C Heart artifioally dnven at a rate o£ 180 per nun. Outflow -429 
c-apernun. B.P=115mm Hg vp=60cm.H,0 Heart s weight =78 gm. At 
I 0 01 gm. Qmnidme sulphate was added. 



Fig 14. Quimdme 

o XT, as Fig 13 hut later At t 04)106 gm Qmmdmc sulphate was ad 

Same esp “ f„Uow the artificially driven auricles. 




383 


action of HEABT-TONICS 

4s can be seen m ligs 13 and 14, tbougb tbe compbcatmg factor of 
bradycardia is excluded, the heart dilates after Quinidine In iig 14 
it can be observed, that after a second dose of Quinidine the Tentacles 
are unable to foUoiv the artificially driven auricles Quinidine had no 
efiect on the coronary circulation (Table X), unless given in a large dose, 
n-hich caused after a preliminary dilatation, constaction of the coronary 
vessels 

Table X. 

Temp 37 0° G Heart rate =144 per mm. B.P =110 mm- Hg 
Heart a weight =77 0 gm. 


Tune 

System 

outpnt 

c-C-petinm, 

Coronary 

anns 

output 

C.C. per mm. 

Total 
coronary 
flow (calc.) 
C.C per mm 

Addition of 

4 40 



29 

48 


4.45 

390 

29 

48 


5 62 



30 

50 


5 53 




— 

0 0066 gm. Qumidme Bnlph. 

5 56 

— 

31 

52 


5 59 

390 

31 

52 


6 03 

— - 

31 

52 


G 05 


31 

52 


GOO 





— 

0-pi gm. Quimdme sulph. 

607 

— 

36 

60 

Heart dilatation. Bradycardia 

610 

350 

25 

42 


613 

— 

24 

40 


015 

— 

21 

35 



Disctjssiox 

Eevieiving the experiments, it can be said, that among the heart-tomes 
Digitahs and Cafieme reaUy produce a tome efiect because they enable 
the heart to expel the same amount of blood as before, inth a smaller 
heart volume, the rhythm, venous inflow and arterial resistance bemg 
imchanged The difierence m their efiect is onlv that after Digitalis the 
tome efiect develops slowly but lasts long, after Cafieme it is immediately 
apparent but has only a transitory character Camphor and Strychmne, 
on the other hand, have no such efiect, m the case of Camphor mdeed, 
the efiect is just the reverse, smee it dilates the heart 

Among the other substances mvestigated, msulm produced a well- 
marked and lastmg tome efiect, but this efiect could be obtamed only 
once, the second and further doses bemg mefiective Pitmtan, on the 
other hand, dilated the heart its effect appeared immediately after its 
admmistration, was of a transitory character, and usually could not be 
repeated. Quimdme, apart from bradycardia, produced also a heart 
dilatation, which was observed even after the exclusion of the change m 

liXl V Off 
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the heart rate Sodimn nitrite dilated the heart and Amyl mtrite had no 
effect at aU on the heart muscle fibres 

As regards the mechanism of the tome action, it may be considered as 
the direct opposite of that which occurs durmg the dilatation of the 
heart As was shown by Starling and his pupils, if the work presented 
to the heart is suddenly mcreased, the heart fails for a tune, and therefore 
gradually ddates Immediately after the mcrease of the artenal re- 
sistance, the ventncle does not empty itself as completely as before, so 
that at the end of the systole the heart still contains blood, or, more 
blood than at the end of a previous beat Smee the ventncle is receiving 
a constant inflow from the venous reservoir, it is more distended m the 
next diastole than before In the next systole the output is mcreased, 
but still not equal to the inflow, and this dispanty becomes smaller at 
each beat for 3-10 beats, the output steadily mcreasmg and the heart 
steadily dilatmg, until a new balance is attamed, the output becoming 
again equal to the inflow, but the heart volume bemg mcreased If the 
venous inflow is increased, the changes produced are somewhat similar 
the output steadily mcreasmg from its normal amount and the heart 
steadily dilatmg until it reaches agam a condition m which the output 
becomes equal to the mflow with mcreased heart volume 

In our experiments, whether the work of the heart was augmented bj 
increasing the arterial resistance or the venous mflow or both, when the 
tome effect begins to be apparent, there is a transitory mcrease m the 
output and a gradual decrease m the heart volume until it arrives at a 
state in which the output is agam equal to the mflow, but the heart 
volume 18 smaller Starling and Visscher have shown that as the 
heart tires and dilates, in order to mamtain the same work as before the 
total energy bberated mcreases with the mcrease m volume, and the 
mechamcal efficiency of the heart accordmgly dmnmshes This rule was 
established by observations on hearts not treated with drugs, and it is a 
question whether it could be apphed also to hearts under such influence 
In the present paper this has not been mvestigated, oxj^gen consumption 
not bemg determined, so that the question cannot be answered defimteiy 
It IS hoped that these determmations may be made on a later occasion 
If this iffie is found to be vahd even after the admimstration of a tonic, 
which IS quite conceivable, this would mean that, as the heart volume 
becomes smaller, its functional capacity improies, its mechanical 
efficiency bemg mcreased 

In any case the decrease m volume obtamed is the important direct 
therapeutic effect of the tonics upon the heart The therapeutic effect on 
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the conductivity, TTkcliis according to Cuslmy (2i) and Leivis(22) an effect 

partly on muscle and partly on the vagus, vnll not be discussed here 
The conception vrhich can stiff be found m various textbooks and papers, 
that one of the most important dmect effects of Digitalis upon the heart 
is to mcrease the diastoUc volume, is certainly mcorrect Just as a 
skeletal muscle has no power to lengthen itself actively after the con- 
traction, but has to be lengthened by the apphcation of some extendmg 
force, so, m the same way, the ventricles cannot dilate of themselves after 
systole, but must be distended by the inflow of blood, and the degree of 
this distension depends on the rate and pressure at which the blood enters 
the heart, the diastole of the ventricles being terrmnated by the next 
SI stole In the hearHung preparation the rate and pressure of the inflow 
and the rate of the beat bemg all constant no mcrease m diastole could be 
observed after Digitalis , but m experiments performed m other ways and 
especially m experiments on the whole animal, this effect may be ob- 
sen ed, because the slowing of the rhythm produced by Digitahs mduectly 
through the nervous system prolongs the time for the diastohc filhng 
E\en after exclusion of the lagus action by atropme this mcrease of 
diastohc volume may be observed, because the general constnction of 
the vessels by D igitahs diminis hes the total volume of the vascular system 
— thereby raises the pressure of the inflow But these are secondary 
effects, and not the direct effect on the heart itself 

Further, from the results obtamed, the conclusiou must be drawn that 
with the exception of Pitmtrm there exists no deflmte connection be- 
tween the tome effect of a drug on the heart muscle and its effect on the 
coronary vessels, smee some had the same effects on the heart muscle but 
produced a qmte different effect on the coronary flow, while others having 
the same effect on the coronary cuculation produced a different effect 
on the heart muscle Digitalis and Caffeme, for example, are heart-tomes 
and dilate the coronary vessels, but Insuhn, which had the same effect 
on the heart muscle had either no effect on the coronary flow or diminished 
It if given m larger doses (10 umts), which still produced a tome effect 
On the other hand camphor dilated the heart and mcreased the coronary 
flow Pitmtrm and Qmmdme also produced a heart dilatation, but con- 
stricted the coronary \ essels (m the case of the latter this was observed 
onli after larger doses, small doses havmg no effect on the coronary 
flou ) E\ en the two mtntes, though they had almost the same effect on 
the coronary cuculation, beha^ ed differently towards the heart muscle, 
Sodium mtnte dilatmg the heart while Amyl mtnte had no effect at aU 

In the case of Pituitrm the appearance and duration of the two effects 

• 

26 — 2 
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the heart rate Sodiuin lutnte dilated the heart and Amyl nitrite had no 
effect at all on the heart muscle fibres 

As regards the mechanism of the tome action, it may be considered as 
the direct opposite of that which occurs during the dilatation of the 
heart As was shown by Starling and his pupds, if the work presented 
to the heart is suddenly mcreased, the heart fails for a time, and therefore 
gradually ddates Immediately after the mcrease of the artenal re- 
sistance, the ventricle does not empty itself as completely as before, so 
that at the end of the systole the heart stiU contains blood, or, more 
blood than at the end of a prenous beat Smee the ventricle is receivmg 
a constant inflow from the venous reservoir, it is more distended m the 
next diastole than before In the next systole the output is mcreased, 
but stall not equal to the inflow, and this dispanty becomes smaller at 
each beat for 3-10 beats, the output steaddy increasing and the heart 
steadily dilatmg, until a new balance is attamed, the output beco min g 
agam equal to the inflow, but the heart volume bemg mcreased If the 
venous inflow is mcreased, the changes produced are somewhat similar, 
the output steadily mcreasmg from its normal amount and the heart 
steadily dilatmg imtil it reaches agam a condition m which the output 
becomes equal to the inflow with mcreased heart volume 

In our experiments, whether the work of the heart was augmented bj 
mcreasmg the artenal resistance or the venous inflow or both, when the 
tome effect begins to be apparent, there is a transitory mcrease m the 
output and a gradual decrease m the heart volume until it arrives at a 
state m which the output is agam equal to the inflow, but the heart 
volume is smaller Starling and Visscher have shown that as the 
heart tares and dilates, m order to mamtam the same work as before the 
total energy hberated mcreases with the mcrease m volume, and the 
mechamcal efiSciency of the heart accordmgly diminishes This rule was 
established by observations on hearts not treated with drugs, and it is a 
question whether it could be appbed also to hearts under such influence 
In the present paper this has not been mvestigated, oxygen consumption 
not bemg determmed, so that the question cannot be answered defimtel} 

It IS hoped that these deternunations may be made on a later occasion 
If this rule is found to be vabd even after the administration of a tome, 
which 18 qmte conceivable, this would mean that, as the heart volume 
becomes smaller, its functional capacity mipro\es, its mechamcal 
efficiency bemg mcreased 

In any case the decrease m volume obtamed is the important duect 
therapeutic effect of the tomes upon the heart The therapeutic effect on 
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tteconductivity, whicliisaccordingto Gusliny (2i) and Lewis (22) an effect 
partly on muscle and partly on the vagus, will not be discussed here 
The conception which can still be found m various textbooks and papers, 
that one of the most important direct effects of Digitabs upon the heart 
IS to mcrease the diastohc volume, is certainly mcorrect Just as a 
skeletal muscle has no power to lengthen itself actively after the con- 
traction, but has to be lengthened by the apphcation of some extendmg 
force, so, m the same way, the ventricles cannot dilate of themselves after 
systole, but must be distended by the inflow of blood, and the degree of 
this distension depends on the rate and pressure at which the blood enters 
the heart, the diastole of the ventricles bemg termmated by the next 
s} stole In the heart-lung preparation the rate and pressure of the inflow 
and the rate of the beat bemg all constant no mcrease m diastole could be 
observed after Digitahs, but m experiments performed m other ways and 
especially m experiments on the whole animal, this effect may be ob- 
served, because the slowmg of the rhythm produced by Digitalis mdirectly 
through the nervous system prolongs the tune for the diastolic fiUmg 
Even after exclusion of the vagus action by atropme this increase of 
diastohc volume may be observed, because the general constnction of 
the vessels by D igitalis diminishes the total volume of the vascular system 
— thereby raises the pressure of the inflow But these are secondary 
effects, and not the direct effect on the heart itself 

Further, from the results obtamed, the conclusion must be drawn that 
with the exception of Pitmtnn there exists no defimte connection be- 
tween the tome effect of a drug on the heart muscle and its effect on the 
coronary vessels, smee some had the same effects on the heart muscle but 
produced a quite different effect on the coronary flow, while others havmg 
the same effect on the coronary circulation produced a different effect 
on the heart muscle Digitalis and Caffeme, for example, are heart-tonics 
ind dilate the coronary vessels, but Insuhn, which had the same effect 
on the heart muscle, had either no effect on the coronary flow or diminished 
it if given in larger doses (10 umts), which stdl produced a tome effect 
On the other hand, camphor dilated the heart and mcreased the coronary 
flow , Pitmtnn and Qumidme also produced a heart dilatation, but con- 
stricted the coronary \ essels (m the case of the latter this was observed 
onlj after larger doses, small doses havmg no effect on the coronary 
floii ) El en the two mtrites, though they had almost the same effect on 
the coronnri circulation, behai ed differently towards the heart muscle, 
v'^odium mtritc dilatmg the heart while Amjl mtnte had no effect at all 

In the case of Pitmtnn the appearance and duration of the two effects 

• 

26—2 
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made it very probable that they are in connection, the constriction of the 
coronary vessels being a probable cause of the heart dilatation. 

Concerning the effect on the coronary flow it has to be remembered 
that m the denervated heart-lung preparation the coronary vessels are 
deprived of the nervous control, which might cause a great difference in 
the effects of these drugs It would be of mterest to investigate the effects 
of these drugs upon the coronary vessels m the innervated heart-lung 
preparation also 

SuitUABT 

1 Provided the heart rate, the venous inflow and the arterial re- 
sistance are mamtamed constant, the tonic action of drugs upon the 
heart is revealed m the heart-lung preparation by a dinunution m the 
diastohc and systohc volume of the ventricles 

2 Judged by this cntenon Digitahs, Caff erne and Insulm produce a 
tome effect, enabhng the heart to expel the same amount of blood with 
a smaller average heart volume This effect is, after Digitalis, delayed 
but lasting, after Caffeine relatively rapid in onset and evanescent, and 
after Insulm it could be observed only once m each preparation 

3 Camphor, Sodium nitrite, Pituitrm and Quinidme produce dilata- 
tion of the heart 

4 Strychmne and Amyl mtote have no effect on the tone of the 
heart 

6 Digitalis, Caffeme, Camphor and the Nitrites mcrease the coronary 
flow, Nitntes and Caffeine m a very high degree, Digitalis and Camphor 
only shghtly 

6 Pitmtrin, Qumidme and Insulin dimmish the coronaiy flow, the 
two latter only m larger doses , m smaller doses these are without effect 

7 With the exception of Pituitrm there exists no obvious relation- 
ship between the tome effect and that produced on the coronary flow 

'l take this opportumty of recording my lasting debt of gratitude 
to the late Prof Starling for help and mspiration m this work and 
in a wider field 
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THE CAUSATION OF THE ANCESTROUS PERIOD 

By A S PABKES [Beit Memorial Research Fellow) 

ANT3 E W B BBAMBELL [Lecturer in 
Zoology, King’s College, London) 

[From the Department of Physiology and Biochemistry, and the 
Department of Anatomy, University College, London ) 

I Intkodttction 

Under natural conditions the majority of mammals have defimte 
ancEstrous periods, dimng which the reproductive processes are m abey- 
ance Further it is known that under laboratory conditions of constant 
temperature and food supply, and also to a lesser extent under conditions 
of domestication, mammals wiU breed throughout a much greater seasonal 
range In most laboratory rodents, for instance, reproduction will take 
place throughout the entire year, although a wmter ancestrus is character- 
istic of the wild types It would seem that the constant temperature 
under laboratory conditions might be a factor m the disappearance of 
ancestrus (1), and this suggests the obvious test of transferrmg the 
animals to wmter atmosphenc temperatures A lien (2) reports negative 
results of experiments upon a small number of mice While our experi- 
ments were m progress Lee(3) reported an mvestigation of a somewhat 
similar nature on rats, the ammals being left m a natural atmospheric 
temperature varymg from — 6° C to — 3° C At — 6° C the length of 
cycle was much mcreased, but at — 3° C no very marked mcrease (1 7 
days) was found 

In the present senes of experiments we first exammed, durmg not less 
than four weeks, the oestrous cycles of 30 selected mice kept in a constant 
artificial temperature of 16 5° C to 18 5° C durmg January-February, 
the animals were then put for 4 weeks mto an outside shed, no attempt 
bemg made to regulate the temperature, which ranged between a daily 
maximum and minimum of 5° C to 10° C As this produced no regular 
effect on the periodicity of oestrus, the animals were then put mto cold 
store where the temperature ranged from — 1° C to 1° C After 45 days 
certam of the animals were mated, and were removed from cold store 
if and when pregnancy ensued 
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The detection of cestrus, copulation, etc -svas by the metho^ pre- 
vionsly descnbed(4) During the ivhole of the expemnents an nuliniited 
food supplv rvas allorred 

n ExpEBntEXTAi. Desults 

Control expermenh One hundred and eighty-tvro cestrous cycles 
■w-ere observed before treatment The length of the dicestrous intervals 
m these cycles is shorm m the following freciuency distribution 

Table I Length oi diosstroos intervals at laboratorv temperatures 
(16 5 to IS 5’ C.) before treatment. 


length of 
interval m 

Xo 

Total davs 

davs 

observed 

occupied 

2 

52 

104 

3 

53 

159 

4 

31 

124 

5 

17 

85 

6 

ll 

60 

1 

2 

14 

8 

2 

16 

9 

5 

45 

10 

3 

30 

12 

4 

48 

10 

1 

16 

25 

1 

25 

Total 

182 

732 


The mean length of dioestms before treatment was thus -1 02 davs, 
and the distribution gives a = 2 81 and ape of ± 0 14 

Length of diaestrus at outdoor temperatures Under the outside shed 
conditions 86 dicestrous mtervals were observed^ The average length 
of these mterVals was 5 65 — 0 30 This is longer by 1 63 rz 0 33 days 
than that found for the pre-treatment cycles, but as shown by Table II, 
the most obvious result of putting the animals under outdoor conditions 
w as to increase the \ anability of the length of dicestrus 

The \ ariabihtv m this senes (ct = 4 16) is defimtelv greater than that 
found m the pre treatment cvcles (a = 2 81 ) 

I ength of dio^strus in artificially low temperatures Whilst the animals 
u ere kept in cold store, 201 dicestrous mtervals were obsen ed The mean 
length was 4 97 — 0 1 71 davs, which is onlv 0 95 davs longer than before 
treatment and which suggests that no effect whatev er had been produced 
b\ the low environmental temperature Exammation of the mdividual 

' an arhUTata method of a&sesAmcnt the dioc^trous interval was placed to one 
p n'vl or the other according to the incidence of its mid point 



THE CAUSATION OF THE ANCESTROUS PERIOD 

By a S PABKES {Beit Memorial Research Fellow) 

A3YD EWE BEAMBELL {Becturer in 
Zoology, King’s College, London) 

{From the Department of Physiology and Biochemistry, and the 
Department of Anatomy, University College, London ) 

I Intbodtiction 

Undeb natural conditions the majority of mammals have defimte 
ancEstrous periods, durmg which the reproductive processes are m abey- 
ance Eurther it is known that under laboratory conditions of constant 
temperature and food supply, and also to a lesser extent under conditions 
of domestication, mammals will breed throughout a much greater seasonal 
range In most laboratory rodents, for instance, reproduction will take 
place throughout the entire year, although a wmter anoestrus is character- 
istic of the wild types It would seem that the constant temperature 
under laboratory conditions might be a factor m the disappearance of 
anoestrus (1), and this suggests the obvious test of transferrmg the 
animals to wmter atmospheric temperatures A lien (2) reports negative 
results of experiments upon a small number of mice While our experi- 
ments were m progress Lee (3) reported an mvestigation of a somewhat 
similar nature on rats, the animals bemg left m a natural atmosphenc 
temperature vaiymg from — 6° C to — 3° C At — 6° C the length of 
cycle was much mcreased, but at — 3° C no very marked mcrease (1 7 
days) was found 

In the present senes of experiments we first exammed, durmg not less 
than four weeks, the oestrous cycles of 30 selected mice kept m a constant 
artificial temperature of 16 6° C to 18 5° C durmg January-Eebruary, 
the animals were then put for 4 weeks mto an outside shed, no attempt 
bemg made to regulate the temperature, which ranged between a daily 
maximum and minimum of 5° C to 10° C As this produced no regular 
effect on the periodicity of oestrus, the ammals were then put mto cold 
store where the temperature ranged from — 1°C tol°C After 45 days 
certam of the animals were mated, and were removed from cold store 
if and when pregnancy ensued 
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^ - 

Size of litter Males remnles 

7 4 a 

Definitely pregnant at 13 days bat 
apparently re absorbed 
0 in uterus when - — 

killed 

8 3 5 

0 4 2 

3 (aomo eaten) 3 i 

6 4 2 

Pregnant when - _ 

killed 


4 

9 
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absorbed 

Definitely pregnant at II d-ijg but rr 
abaorbed 
Died in partun 
tion 


Dcfimtelj pregnant at 15 days but ri 
absorbed 
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Table IT Frequency distnbataon of length of dioestrns under outeide 
conditions {5° C. to 10° C ) 


Length of 



dioestrus 

No of 


m days 

intervals 

Total days 

2 

10 

20 

3 

21 

63 

4 

13 

62 

5 

19 

95 

6 

2 

12 

7 

4 

28 

8 

2 

16 

9 

2 

18 

10 

3 

30 

11 

2 

22 

12 

2 

24 

13 

1 

13 

14 

1 

14 

18 

1 

18 

10 

1 

19 

20 

1 

20 

22 

1 

22 

Total 

80 

480 


oestrous histones, however, showed that in nearly all cases the first 
dioestrus in cold store was much prolonged The dicestrous intervals 
occurring m cold store were therefore grouped according to the mcidence 
of their imd-point The results were as follows 


Weeks 
in cold 
store 
1 
2 
3 
i 

5 

6 

7 

8 

Total 


Table IH Length of cycle according to tune in cold store 
Length of dioestrns 


t 

2 

3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

14 

Jo 

10 

17 

Is 

Total Mean 

mterrala length 

1 

1 

1 

1 

_ 

— 

1 

4 

7 

3 

— 

3 

— 

2 

4 

1 

1 

25 

11 10 ± 0 69 

2 

4 

7 

3 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


- 

17 ' 


3 

3 

2 

7 

9 

- 

3 

1 

9 

1 

3 

- 

- 

- 

- 


- 

27 1 


14 

8 

6 


1 

1 


1 

— 

— 

— 


— 

— 

— 

— 

— 

30 1 

. 4 09 ± 0 12 

3 

6 

13 

2 

1 

- 

- 

- 

9 

- 

- 

1 

- 

- 

- 

- 

- 

28 

3 

14 

9 

1 


1 

1 

- 

- 

- 

- 

- 

- 

1 

- 

- 

- 

30 1 


4 

13 

6 


1 

- 

- 

- 

- 

1 

- 

- 

- 

- 

- 

- 

- 

24 

1 

3 

11 

5 

1 

- 

- 

- 

- 

- 

- 

- 

- 


- 

- 


- 

20 J 


33 

W 

47 

15 

0 

9 

3 

0 

6 

S 

3 

4 

0 

3 

4 

1 

I 

201 

4 97 ± 0 171 


The imtial increase m length of dioestrus is obnous from this table, 
and comparison of the initial and subsequent length of dioestrus in the 
cold store with the pre-treatment length gives the followmg results 


Difference from 
Length of dioestrus pre treatment 
dnnng length 

1st ■week m cold store +7 14 days 
2nd to 8th weeks m + 0 07 days 
cold store 


P e of 
difference 
±0 61 
±0 18 


Difference/p c 
11 7 
0 380 
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The folloTTuig conclusions may be draivn from these results 

(fl) The first effect of much reduced temperature is to lengthen the 
dioestrous mtervah 

(b) Snhsequently, however, the length of cycle becomes mdistm- 
guishable from the normal, and no sign of anoestrus is found. 

There is, therefore, no simulation of the prolonged yrmter anoestrus 
of void rodents, the subsequent return of the cycle to normal suggests 
that the experimental animals "were able to adjust themselves to the low 
temperature, and that m the absence of such adjustment anoestrus might 
have resulted 

The food consumption was, however, much higher at the lower 
temperature, and it was perhaps this which made the adjustmentpossible 
lA'ith the wdd mammal no such hberal food supply can be available 
durmg the wmter, and it has been shown experimentally (5, 6) that an 
insufficient food supply leads even at normal temperatures to mcrease 
m the length of dicnstrus It would appear qmte possible that the anoes- 



Xo of 

Xo of 
CBstrons 
penods 

Xo of 

infertile 

without 

animal 

copulations 

copulation 

cx :3 

0 

0 

CCo 

0 

0 

CC9 

0 
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cx; 10 
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I 

ecu 

0 
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CC IS 

0 
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0 
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a 23 
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CCll 

0 

CC2S 
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0 

(1 

CC32 

0 

0 

CX3t 

n 

0 

CC3S 

0 

0 

CCIU 

0 

1 

txm 

0 

0 

CC42 

1 

1 

0 

0 

CC44 

3 

CC4 5 

0 

CC4n 

0 

0 

CC47 

0 

0 


Sei 

of vonng 

X 

r 

Size of litter Males Females 

7 4 3 

Definitelv preguant at 13 davs bat 
appareatlj re absorbed 


3 5 

4 2 

3 

4 1 


2 2 

4 5 

5 3 


0 

Defiaitelr pregnant at 12 davs but re 
ab-mrbed 

Defimtelv pregnant at 11 davs bnt re 
absorbed 

T)icd in partun - _ 

tion 


7 3 4 

5 23 

Dcamtclv pregnant at 15 davs bnt re 
absorbed 


6 in ntems when 
kiUed 

5 

6 

3 (Eome eaten) 

5 

Pregnant when 
kSUed 

4 

9 


8 

Aborted 
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Table U JPrequejQoy distnbntion of length of dicestnis under outside 
conditions (5" C to 10® C } 


Length of 
dioestrus 

Jfo of 


m days 

interrals 

Total days 

2 

10 

20 

3 

21 

63 

4 

13 

62 

6 

19 

95 

6 

2 

12 

7 

4 

28 

8 

2 

16 

9 

2 

18 

10 

3 

30 

11 

2 

22 

12 

2 

24 

13 

1 

13 

14 

1 

14 

18 

1 

18 

19 

1 

ID 

20 

1 

20 

22 

1 

22 

Total 


486 


CBsfcrous lufitones, iowevej, shoTred that in nearly all cases the first 
dioestrus in cold store ■svas mucli prolonged Tie dioestrous intervals 
occurring in cold store Tcere therefore grouped according to the incidence 
of their mid-pomt The results vere as follows 



The initial increase in length of dioestrus is obvious bom this table, 
and comparison of the initial and subsequent length of dioestrus m the 
cold store with the pre-treatment length gives the foUowmg results 


Pifierence from 

Lemrth of dicestros pre treatment P e of 

daring length difference 

1st week m cold store +7 14 days ±0 01 

2nd to Stb weeks m - 1-0 07 days iO 18 

cold store 


Pifference/p c 
11 7 
0-389 


THE EFFECT OF TEMPERATURE ON THE 
ACIDITY OF THE SKIN 

H. C BAZETT axd B McGLOXE 

(From the Department of Physiology, University of Pennsylvania ) 

The studies of Stadie and ilartind), Austin and Cullen^) and 
Stadie, Austin and Eobinson(3) have demonstrated that blood in 
i liro becomes more acid when it is manned, unless CO, can escape It is 
conseq^nentlv important to decide mhether the same changes occur in 
iiio, and if so mhether the vascular dilatation produced bv heat is m 
any mav dependent on such changes Eons and his co-vrorkers(4) have 
descnbed the mjection of large amounts of mdicator dyes mto mice and 
other animals m order to detemune approsiniately the acidity of the 
tissues It has been found that his method mav be adapted to cats and 
used for the estimation of changes in acidity m the skin. 

Method FThite cats of 3 to 3i kilos weight have been used they 
mere decerebrated under a bnef chloroform-ether anaesthesia bv the 
bhemngton guiUotme method (5), care bemg taken to divide the bram 
stem betmeen the postenor coUicuh and the anterior margm of the pons, 
so as to have a quiescent preparation. The tmo fore limbs mere then 
shaved betmeen the elbom and must jomts, and the hvpersemic response 
to various conditions mas estimated bv comparmg the colour of the 
“^km of the tmo limbs After these observations had been made about 
50 c c of a 2 p c solution (approximately neutral) of phenolsulphone- 
pbthalem mas mjected mtravenously mto a vem of the hmd lim b After 
an m 3 ection the cats had a purplish pink colour, mhich mas readilv 
nsible through the hair and mhich mas mtense on the shaved areas The 
colour del eloped mithm three-quarters of a minute and reached its mam- 
mum in less than tmo mmutes The dve mas rapidly excreted bv the 
Indneis and the colour mas fadmg rapidlv tmo to four hours later The 
colour of the skm, as a mhole mas defimtelv tomards the alkalme side 
of the indicator range, but that of the ears, occasionallv mas qmte 
\ cllom, since both common carotid arteries had been tied Aftermards 
the cars usunllv resumed a more alkalme colour The shaved legs, mhich 
acre cold as a result of exposure and evaporation of mater, also had a 
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trous period of the wild rodent results from decrease m both temperature 
and food supply 

Breeding performance at ~ 1 to + 1° C The above table sums up 
the performance of the 25 animals which were mated m the cold store 
with normal males 

In these mated animals 1 2 osstrous periods unattended by copula- 
tion were observed, but only one animal failed to copulate at any time 
Infertile copulations (mne m all) were observed m five mice Nmeteen of 
the 25 thus became pregnant The excessive number of cases (five) where 
the pregnancy termmated prematurely by re-absorption or abortion of all 
the foetuses was probably due to the sudden change of environment on 
bemg taken from the cold store 

ni Conclusions and Summary 

(1) A small decrease m environmental temperature has no marked 
effect on the osstrous cycle m mice except that the vanabihty m length 
is somewhat mcreased 

(2) A considerable decrease, however, from the ordmary temperature 
of 18° C to a mean of about 0° C causes an imtial mcrease in the length 
of dioestrus (4 02 ± 0 14 to 11 16 ± 0 59) Very shortly, however, the 
normal periodicity of oestrus is restored, and even prolonged exposure 
to the low temperature produces no further effects on the reproductn e 
processes When mated the animals are normally fertile 

(3) The prolonged wmter anoestrus of wild rodents is probably to be 
attributed to a di mini shed food supply under conditions of temperature 
which, for the mamtenance of normal function, would requue an mcrease 
m food 

The animals used for the mvestigafion recorded aboie Here draim from the colon v 
mamtamed mth the aid of a grant to one of ns (A S P ) from the Medical Research 
Conncil, to whom our thanks are due 
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tempebature axd skin acidity 

least 25 min before it iras used for any further expenmentatiom If 
stasis bad been appbed for 20 mm. these penods ivere extended to 15 
and 50 mm. In addition, the colour of the control leg iras determmed not 
to be altermg appreciablp before any further expemnents -xere made 
Two abbreviated protocols are appended and wdl serve to illustrate 
the character of the experiments, the time mtervals aUowed and the 
tvpe of change noted. 

Protocol 1 Cat male, 32kg 93oto 950 decerebrated. 10 19 rectal temperatnie 
39 2 Slmht htemorrhaze from btam stem subadmg 19_25 opisthotonos trluch dis 
ap^red later 10 30 sha^ved and “Piva Boca” appbed. 10 59 tntb both forelegs m air 
an arrest of circulation was maintamed br 150-1 SO mm. Hg for 5 mm. Thirtc seconds after 
rel'-ase the shaved areas and the paws beca m e hTp»remic at 1 mm. 30 sec. the hvpenemia 
pomsted without perceptible change and at 2 mm. 45 sec. a trace of hvperaimia was 
present 

Table I details a senes of consecutive arrests of circulation for varving p»nods, with 
the forelegs immersed m water at an mtermediate temperatnre Time m mmntes ( ) and 
seconds (') 

12.50 rectal tempsratnre 39-0 1.33 30 c.c. 2 p-c. solntion of phenol red mjected. 

The colour of the skm matched that of a standard tube of pH 7 6 1 43 rectal temperatnre 
3«7 

Table If details a senoa of consecutive arrests of orcnlabon for varvmg penods, with 
the forelegs fnllv immersed m water 

Protocol 2, Cat female 31kg 10 15 to 10 30 decerebrated. 11 17 rectal temperature 
3S-0 11 20 shaved, Pava Pocci apparatus appbed to both foreleg' above the elbow 

but ou the nght the bandage covered part of the elbow Both legs at this time showed 
sUght congestion. 

Tab'e IH details a s“ne3 of consecutive oiculatorv arrests of the same duration bnt 
with the temperature of the bath varied. 

1 12 rectal temperature 3S-0 2 21 rectal temperature 37 0’ 2.45 30 c,c. 2 p c. solntion 

of phenol red mjected. 2 49 both forelegs mto bath of 30-5 

Table IV details a second s“nes of consecntive arrests circnlatorv for comparison 
with the previous 'enej, 

4 40 both forel gs were partiallv immersed m water of 40-5 The aaditv of the sViu of 
immersed portion definilelv greater than that of the skm which was not m the bath. 

4 49 the forelegs were comp'etelv unmetsed, the right m a bath at 36 the left m one at 
IS 5 The Ime o' previous submergence was reco gnisa ble on both forelegs bv a greater 
inten«itv of colour whieh withm 1 mm. bad disappeared on the nght foreleg (30 ) though 
persistent on the p't (IS 5 ) This mcreased colour m the l»ft teg disappeared after 6 mm 
to 7 nun. 5 1_ a -i; solution of ergamme aad phosphate (histarmne) was mtroduced mto 
the fhm and subcutaneous region of the left leg bv the method of Lewis and GrantCi 
Th lower par* of the nght leg was scalded with boiling water Xo change of colour wa' 
notfsl m cither Umb 

20 appheattOD to left foreleg of histamme repeated, emploving solntion, and agam 
the same area of the right foreleg was scalded, Circtilation arrested under pressure of 
-iVi mm. Hg o -4 ar-c-st terminated the right foreleg defimtelv acid, most marked where 
pa viouslv scalded. 5 25 the centre of the histamine afiected areas appeared to have a 
more vcllowtmt than the rest of the le- 5 27 circnhtion arrested m bath 31 5= 5 31 arrest 
terminated. Cxintruss between maamed and no-mal areas unchanged dnrmgand afterarres* 
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definitely purplisi, tint (similar to that of a standard solution of tlie dye 
of a concentration of 0 001 p c with a jiH of 7 6 at 20° C and contamed 
in a test tube of 13 3 mm internal diameter) Where the slon had been 
abraded m the process of shaving, the colour was of a deeper purple 
tmt, either through removal of cuticle, which would otherwise dull the 
colour, or, more probably, through an actual mcrease of alkalinily due 
to loss of CO 2 from the surface The wounds due to the operative pro- 
cedures left uncovered by skm assumed a very alkalme purphsh colour, 
suggestmg a pH of at least 7 8 or more The pads of the feet, where 
unpigmented, had a less purplish tmt than the skm of the shaved areas 

Measurement of subdermal temperatures m the wet shaved forelegs 
m one animal made by loop-thermocouples (6) mdicated temperatures of 
23° to 27° C The rectal temperature of the cats has been mamtamed as 
constant as possible and has usually remamed between the hunts of 36° 
and 39° 

For purposes of determining the effect of temperature, both before 
and after mjection, the cats were suspended with their heads raised and 
the two fore hmbs immersed m water m rectangular glass museum jars, 
the water was not stirred except immediately after the imtial insertion 
Behmd the glass jar an opal glass plate nas adjusted, so as to afford a 
constant backgroimd One of the limbs was used as a control, and colour 
differences between the two limbs were noted, an attempt was made to 
express any difference m tmt accordmg to a scale of colour variation 
with pH at 20° C m standard tubes of the type already mentioned Such 
colours are mentioned so as to give an approximate idea of the actual 
tmt, it was not possible to estimate the exact pH level, smce a colour 
match was prevented by the opaqueness of the tissues, by irregular 
errors mtroduced by varying amounts and degrees of saturation of 
hiemoglobm, as well as by unmeasurable salt and protem errors The 
colour changes were, however, often definite, and must have mdicated 
the direction of the changes m acidity and approxunately then magm- 
tude, m spite of the above-mentioned errors 

The effect of circulatory arrest on the acidity of the skm has been 
tested “Riva Eocci bags” made of rubber finger staUs were tied on to 
glass tubes and bandaged hghtly over the humerus and elbow jomt with 
a 1-mch bandage This system was connected to a mercury manometer 
The pressure could be raised to over 200 mm m less than two seconds 
Stasis was mamtamed for vaiymg periods up to 20 mm. The legs were 
employed alternately If stasis had been apphed for 5 mm , an mterv'al 
of at least 12 mm was left before that leg was used as a control, and at 
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TEJIPERATUBE and SEIX ACIDITl 


ptotograplucaUv Xo difierence m colour could be detected u^ess tbe 
temperature drSerence betiveen tbe tvro legs exceeded 12° to lo 

It mav therefore be concluded that in spite of the ivell recognised 
changes m the curculatiou rate, on exposure to cold the aciditv of the 
skm IS reduced ■while on warming it is mcreased 

Acidity del eloped during arrest of the circulation at intermediate tempera- 
tHre= If the legs were imm ersed side bv side m water at a temperature 
of 31° to 35° (i^llr 32° to 33°) and the cmculation was arrested m one 
hmb the colour graduaUv altered towards a veUowish tmt m spite of the 
simultaneous development of cvanosis Protocol 1 gives an example of 
this m an experiment where the aciditv developed was somewhat greater 
than that usuaUv observed The aciditv reached dnrmg stasis, and the 
tune required on the release of the circulation to return to the mitial 
colour varied with the duration of stasis the time t alues recorded were 
not verv different from those noted for reactive hvpenemia foUowmg 
similar occlusions before the m}ection of the dve Though no exact 
parallelism m duration was to be observed, both phenomena could often 
be distmgmshed for 5 to 10 rain The absence of anv exact parallelism is 
not significant, smce the condition of the animal was not necessanlj the 
same m the two senes of experiments, and m bothcases the colour differ- 
ences were difficult to time exactlv The reactive hrpeKemia was less con- 
spicuous m the cats than m experiments on mam Both the development 
aud disappearance of the acid colour m the skm showed a somewhat 
patchv distnbution the skm was evervwhere acid, but the degree of 
aciditv apparentlv differed m different areas 

Th<> effect of temperature on the acidity deieloped during circulatory 
arrest If one leg was immersed m cold water and the other m warm and 
if after some mmutes the circulation was arrested m both simnltaneouslv 


the warmed legrapidlv developed an mcreased aciditv while the cooled leg 
showed no appreciable change m colour (see Protocol 1) In one a nima l 


a senes of circulatorv arrests were made at two tempera'tures both before 
and after mjection of the dve, and the data are presented m Protocol 2 
An mtensification of the reactive h'vperffimia bv warmth was noted (con- 
firming the earher observations of Lewis and Grant(S) on man), and at 
the higher temperature on this occasion it also lasted longer after release 
The aciditv developed was much greater at the higher temperature, and 
its duration on release was also greater, though the time differences were 
less marked than m the senes with reactive hvperffimia It may be noted 
that the aaditv developed m all the experiments was greater the higher 
the temperature of the bath, but that sometimes the penod of recovery 


27 
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Results 

Acidity in the skin as affected by temperature mth the circulation intact 
Coolmg of one limb, Tvlule the temperature of the other was mamtamed 
at an intermediate level (31° to 35°, usually 32° to 33°), produced a tmt 
generally definitely more purple than that of the control Warming of 
one hmb to a higher temperature decreased the visible colour and often 
gave it a sbghtly more orange tmt Occasionally the two limbs could be 
put mto water at very varymg temperatures without any definite colour 
difierence As a rule, however, a colour difference could be detected if 
the temperatures of the water m which the limbs were immersed differed 
by more than 8 to 12° C The warmer limb always appeared the more 
acid m spite of errors from any vascular dilatation winch might be ex- 
pected to minimise any colour difference The subdennal temperatures 
were close to those of the water, m one experiment where subdermal 
temperatures m the shaved areas were recorded by thermocouples, while 
the limbs were immersed m water baths which were starred, the tempera- 
tures recorded differed from those of the baths by less than 1° C 

The maximal difference m tmt recorded is given m Protocol 1 The 
nght leg at 12 5° had a colour similar to that of a tube of pH of 7 5, and 
the left m water at 40 5° vres similar to that of a tube with pH 7 2 But 
the dissociation of the dye is affected by temperature, so that if these 
values be corrected for temperature, according to the data of Hastings 
and Scndroy(r) (which demonstrate that a correction of — 0 007 pH 
per 1° mcrease of temperature should be apphed), the actual difference 
m pH would be more nearly 0 5, and the pH of the warmed hmb would 
be probably m the range of 7 I Errors aheady considered make the 
absolute value 7 1 very uncertam and of httle importance, but the 
difference of 0 5 between the two limbs should be approximately true 
Very large differences may, therefore, be seen in itvo The smallest 
difference observed m experiments of this type was as follows the nght 
le<r was immersed m water at 33°, the left at 15° The right was considered 
to have the more purple colour, but the difference was mdefimte and 
uncertam If, however, the colours were actually identical and tempera- 
ture corrections were apphed, the pH of the cooler hmb would be at 
least 0 1 greater than that of the warmer 

In another experiment, one leg was wanned considerably and the 
other cooled untal a defimte difference m tmt was noted Both legs were 
then removed from the baths and were exposed wet to the room air, 
subdermal temperatures were determmed by thermocouples and recorded 
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photograplucaUv Xo difference m colour could be detected, u^ess the 
temperature difference bet^reeu the two legs exceeded 12° to 15° 

It mav therefore, be concluded that, in spite of the well recognised 
changes in the circulation rate on exposure to cold the acidity of the 
skm IS reduced, while on warming it is mcreased 

Acidity deielopod during arrest of the circulation at intermediate tempera- 
tures If the legs were immersed side bv side m water at a temperature 
of 31° to 35° (usuallv 32° to 33°) and the cuculation was arrested m one 
limb the colour graduallv altered towards a vellowish tmt m spite of the 
simultaneous development of cvanosis Protocol 1 gives an example of 
this m an experiment where the aciditv developed was somewhat greater 
than that usuallv observed The aciditv reached durmg stasis, and the 
time required on the release of the circulation to return to the mitial 
colour varied with the duration of stasis the time \alues recorded were 
not verv different from those noted for reactive hvperemia followmg 
similar occlusions before the mjection of the dve Though no exact 
parallelism m duration was to be observed both phenomena could often 
be distmguished for 5 to 10 nun The absence of any exact parallelism is 
not significant smce the condition of the animal was not necessanlv the 
same m the two senes of experiments, and m bothcases the colour differ- 
ences were difiicult to time exactly The reactive hvpersemia was less con- 
spicuous m the cats than m experiments on mam Both the development 
and disappearance of the acid colour m the skm showed a somewhat 
patchv distribution the skm was evervwhere acid, but the degree of 
aciditv apparentlv differed m difierent areas 

The effect of temperature on the acidity developed during circulatory 
nrre ( If one leg was immersed m cold water and the other m warm and 
if after some mmutes the circulation was arrested m both sunultaneouslv 
the warmed leg rapidlv developed an mcreased acidity while the cooled lee 
showed no appreciable change m colour (see Protocol 1) In one animal 
a senes of cuculatorv arrests were made at two temperatures both before 
and after mjection of the dve and the data are presented m Protocol 2 
An mtensification of the reactive hvpermmia bv warmth was noted (con- 
fimung the earher observations of Lewis and Grant(S) on man), and at 
the higher temperature on this occasion it also lasted longer after release 
The aciditv developed was much greater at the higher temperature, and 
Its duration on release was also greater though the time differences were 
less marked than m the senes with reactive hTperremia It mav be noted 
that the aciditv developed m all the experiments was greater the higher 
the temperature of the bath, but that sometimes the penod of recovery 
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on release of the circulation was not increased but decreased bj the 
warnitb (see Protocol 1, where the period appeared to be sbgbtly longer 
in a batb at 36° than in one at 40 5°) 

Experiments to test any possible relationship of acidity to circulatory 
changes Since it seemed possible that the byperfflmia produced by beat 
was secondary to tbe acidity developed, some of tbe ingenious experi- 
ments of Lewis and Love(9) bave been repeated on these preparations 
These workers demonstrated that the hypenemia produced m the lower 
part of one limb by immersion m water at 41° to 42°, with subsequent 
total immersion of the limb m water at 20° or 32°, persisted longer at 
the lower temperature It has been found possible to confirm their 
observations on decerebrate cats, and an experiment of this type on an 
mjected ammal is detailed m Protocol 2 While the persistent hypertemia 
was mdicated by an mtensification of the colour, no mcreased acidity 
was demonstrable m the area affected If any acidity persisted, the 
colour change must have been so shght as to be masked by the hyper- 
semia Lewis and L o ve also demonstrated that the hyperasmia followmg 
stasis m water at 20° is of longer duration m an area which had been 
exposed immediately before the production of stasis to a temperature of 
40° to 42° These experimental results can also be confirmed m decere- 
brate cats, but agam no very definite mcrease m acidity was demonstrable 
m such cases 

Tte tnro forelegs of an injected decerebrate cat irere immersed in water at 32°, when 
the colour of both legs was about equivalent to a standard tube of pH 7 0 They were then 
half immersed in a bath at 41 5°, m which the immersed portion of both legs developed a 
colour equivalent to a standard tube of pH 7 4, while above the water the colour was more 
purple than a 7 6 standard. After 9 mui, the circulation of the left leg was arrested 
Immediately both legs were totally immersed m water at 28° Stasis was mamtamed for 

min In the nght leg with circulatiou intact no definite line of demarcation due to the 
previous heating was visible, although the colour of the lower port of the nght foieleg was 
somewhat more mtense After 2i nun. this difference m mtcnsitv of colour had diminished 
until its ecastenoe was questionable In the left leg the colour graduaUj became less red 
than on the nght, but no difference m either tmt or colour mtensity between the upper and 
lower part of the leg was detectable At the end of 9 mm tbe colours were nght 7 0 and 
the left shghtly on the acid side of 7 4. On the release of the circulation the upper part of 
the left le^ was more 3 ellow than the lower later the lower part became more mtenselj 
coloured than the upper part and the line of previous lieatmg uas u ell definei For a bnef 
penod at this tune the colour below this Ime appeared the more yellow On repeating the 
experiment with an arrest of circulation m the other foreleg for 5 mm., the changes were 
siiSar but the lower part of the limb, wiuch had been previoasiv heated, appeared to 
develop a shghtly greater acidity than the upper 

The evidence is indefinite, irhetber the greater acidity m the tissues 
developed as the result of exposure to temperatures of 41° or more can 
■persist even after the leg has been removed to vater at a lower tempera- 
ture It does not seem hkely that changes m acidity so difficult to detect 



401 


temperatube and skin acidity 

can entirelv erpl&m the marked hypeiaemia mhich can be demonstrated 
under these cnrcnmstances In one experiment a heat hypenenm 
appeared to be mdnced and to persist longer mith later immersion at a 
loirer temperatnre, irhen the temperatnre of the first bath vras 40 2'" on 
insertion of the legs and 39 4° on mthdrawal 5 mm later The rectal 
temperature nas 38 7= at this time, and it is somewhat difficult to con- 
ceive that a bath at this temperature could produce an inflammatory 
reaction, which could account for the changes 

Inflammation Smce it was possible that the reaction to high tempera- 
tures was reallv an inflammatory response some experiments were made 
on other types of inflainmation Some of these experiments are detailed 
m Protocol 2 If a number of pm-pncks were made at distances of 1 to 
2 mm from one another, and the leg was immersed m warm water, no 
difierence m colour between the afiected and control areas was detect- 
able either m tmt or depth, except where the pm-hole was large, when 
the centre might be recogmsably alkalme If a similar set of punctures 
was made through a solution of ergamme phosphate, a sbght 
yellowish colour was sometimes noticed If a stronger solution (t^) 
was used a yellow colour could be distmctlv seen, which lasted only a 
short while A solution resulted m a more defimte yellow colour 
also of bnef duration- The acidity of the salt would account for it, and 
it is probably not significant Xo difference m depth of colour could be 
detected around these histamme punctures 

If inflammation was produced by hot glass or boiling water, a marked 
hypersemia developed, and usually m the centre of this area a small 
region of a somewhat yellowish tmt could be distinguished. 

Experiments on human subjects Attempts have been made on two 
human subjects to repeat some of these observations A solution of the 
dye (0 6 p c ) was mjected mto both forearms, either subcuticnlarly or 
subdermally For the former a small amount of dye was used sufficient 
to infiltrate an area of 7 to 10 mm diameter to a rose-purple colour and 
several such areas were infiltrated m each arm. For the subdermal 
mjections, I c c of the solution was mjected. Immediatelv after sub- 
dermal mjection no colour was detectable, but withm a few mmutes the 
skm assumed a rose purple 

The effect of temperature on the acidity with the circulation mtact 
was sunilar to that observed m cats but much less marked. In both 
subjects unmersion m baths diffetmg bv 25^ gave a difference m tmt 
probablv corresponding to less than 0 I pH of the standard tubes This 
dffierence m aciditv if corrected for temperature would be probablv 
about 0 2 pH, the arm m the warm bath was the more aciffi 
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When the circulation was arrested for 20 mm m baths at 42° to 39° 
a defimte acidity was developed in both subjects, but if expressed m the 
same terms as those used for the cats, the change m acidity probably was 
not more than 0 2 pH even at this high temperature On release of the 
circulation a difference m tmt suggesting acidity could be noted for 
4 to 7 mm , though the hypenemia was mtense for a much longer period 
In an experiment with a water bath at 22° the development of acidity 
durmg a stasis of 20 mm was quite mdefinite below the water hne, but 
above, where the skm was warmer, a shght but defimte difference could 
be detected Hypersemia long outlasted any detectable acid colour 

Discussion 

The dye when mjected mto the blood stream of a cat probably passed 
rapidly mto the tissue flmds and could be recognised soon after mjection 
m the mesenteric lymphatics ^ The estimation of acidity was probably 
influenced by both the acidity of the blood and the tissues The circu- 
latory changes observable m decerebrate cats after such procedures as 
temporary arrest of the circulation resembled those observed m man 
more closely than do those recorded for aneesthetised animals by Gold- 
blatt(iO) 

The data obtamed by Stadie and Martin and by Austin and his 
co-workers (1, 2 , 3) demonstrate that human blood probably has a decrease 
m pH of about 0 02 per 1° C rise m temperature, if the total content of 
CO 2 remains unchanged The maximum change with temperature 
estimated m cats m our experiments, when the circulation has been 
mtact, has been of about this order, usually the alteration has been less 
Possibly the mcreased circulation rate m the skm with dimmislied 
venosity of the blood is a compensatory mechanism The data of Schier- 
beck(U) also suggest that loss of COj from the skin is not a neghgible 
factor and is greater the higher the temperature 

But m addition to the effect of temperature on the blood, the meta- 
bohsm of the tissues is likely to be altered A dimmished oxygen con- 
sumption at low temperature has been demonstrated by Goldschmidt 
and Light(i2) The experiments involvmg stasis here reported mdicate 
quite defimtely that at low temperatures, not only is oxygen consump- 
tion diminished, but also acid production is reduced so as not to be 
measurable On the other hand, at high temperatures acid production 
is extremely rapid and the effect parallels that of temperature on the 
production of cyanosis with stasis Any compensatmg factors, which 
1 We are indebted to Pr E J Brootlehurst for this observation as well om for 
oMiatance m some of tie eipemnenta. 



403 


temperature axd skin acidity 

make tte acid changes j?i uro less than thoseohservednith blood in utro, 

must neutralise not only the changes m the physical constants m the 
blood (mamlv an alteration m the acid constants of the blood proteins) 
but also the vanations m acid production of the tissue Anv compensa- 
tion IS mcomplete the tissues of the skm are more alkabne vrhen cooled 
and not more acid though on account of the changes m circulation rate 
an mcreased aciditv might have been anticipated The end result ■vrould 
appear to be a balance between mcreases m the aciditv of the blood and 
acid production of the tissues with a nse m temperature and a partial 
decrease m blood acidity through an alteration m the blood flow and 
loss of CO, Alterations of anv of these factors would account for the 
considerable mdividnal vanation seen m diflerent animals The question 
arises whether the circulatorv changes are dependent upon the changes 
m aciditv A vascular ddatation to aciditv is well recognised (Leake et 
al ( 13 )) and it is not unhkelv that the vascular dilatation of reactive 
hvperaemia is due, either m part or entirely to acid metabohtes produced 
durmg the arrest In favour of such an hypothesis is the fact that con- 
ditions which vary the mtensity or duration of the reactive hypemnua 
also vary the mtensity and duration of the aciditv The fact that a high 
temperature may either mcrease or decrease the duration of measurable 
acidity after an arrest of crrculation, may depend on an irregular balance 
between the greater acid production and the mcreased rate of blood flow 
tending to remove the acid It is noteworthy that Lewis and Grant (3) 
reported no constant eSect of temperature on the duration of reactive 
hyperaemia following occlusion, the effect of temperature on the duration 
of aciditv IS also mdefimte and irregular The same workers demonstrated 
plethvsmographically a much greater dilatation at the higher tempera- 
tures, the acidity developed is also greater at such temperatures 

The variation m blood flow with temperature, when the circulation 
IS mtact, could be explamed also on a simple variation m alkabmtv if 
the response to temperatures above 40° to 42° be excluded At these 
higher temperatures a hvpeKemia is mduced which is preserved after 
immersion of the part m cold water without any defimtelv measurable 
aciditv, this mav best be ascribed to some other factor such as the 
H-substance of Lewisat) In fact though the data reported suggest the 
possibditv of acid bemg mamlv concerned, m no case has the action of 
some other substance been excluded 

A few experiments on inflammatory reactions are reported, some 
endence was obtamed of acid production as the result of mjurv, but the 
aciditv observed does not seem adequate to account for the marked 
cuculatorv changes The acidity noted could be explamed as the result 
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of the phosphoric acid of the histanmie salt, or in the ease of the scalds, 
as the consequence of a small local area of stasis Any fresh open iround 
has apparently a very alkaline reaction, but it is doubtful ivhether an 
inflammatory reaction is absent 

Observations made on man mdicated changes in the same direction 
but of much smaller magmtude It is uncertam how far the diSerences 
were due to the limitations of the techmc It is possible that the acid 
production occurs to a large extent m the muscles and that the effect on 
the skm IS less, owmg to the greater thickness of the mtervenmg tissues 

It IS suggested that there may be two chemical mechanisms through 
which the local circulation may be varied when the temperature is 
altered, one occurrmg at extreme temperatures when the tissues are 
mjured and possibly due to hberation of the H-substance of Lewis, and 
a second utdised at all temperatures and dependent on acid-base adjust- 
ments 

CoNcnusiONS 

(1) Acidity changes can be demonstrated m the sLm of a decerebrate 
cat mjected mtravenously with phenolsulphonephthalem 

(2) The acidity vanes with the temperature, a leg imm ersed m a 
warm bath shows a greater acidity than one immersed m a cold bath 

(3) Acid production durmg an arrest of the circulation is considerable, 
and IS greater the higher the temperature After a long arrest, the acidity 
may not disappear for 5 or 10 mm followmg release of the circulation 

(4) Hyperaanua produced by imm ersion m water at 40° to 42° and 
persistmg when the leg is subsequently immersed m water at a lower 
temperature does not appear to be associated with measurable acidity 

(5) The possible relation of local vascular changes to temperature 
and of reactive hypersemia to changes m acidity is discussed 
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PHOTOGRAPHIC METHODS OF ESTIMATING THE 
PERCENTAGE SATURATION OF HEMOGLOBIN 
WITH VARIOUS GASES 1 The ratio of 
oxyhsemoglobm to carboxyhasmoglobm 

Br H. HAETEIDGE F J W EOUGHTON 
{From the Physiotogical Laboratory, Cambridge ) 

IsTPODTrcnoA 

The importance of being able to estimate mth accnracv the ratio of 
oxvhffimoglobm to caiboxvhfemoglobm bes in the fact that there are 
several pnrposes to vrluch such a method can he apphed amongst irhich 
axp 

(1) The detection of mild degrees of carbon monoxide poisonmg due 
to leakage either of coal gas or of the products of mcomplete com- 
bustion mto the air rvhich is hemg breathed 

(2) Experimental ivork on the kmetics of htemoglobm and one or both 
of these gases, either on blood corpuscles or on solutions of h'emoglobm 

(3) The detemunation of the total amount of h-emoglobm m the 
circhlatmg blood bv the method of Douglas and Haldane(i) 

The carmine method of Douglas and Haldane hr ivhich ther 
estimated the degree to rrhich carbon monoxide gas had replaced oxvgen 
from its combination inth hsemoglobm had the disadvantage that onlv 
a single detemunation could be made on one sample of solution 

The reversion spectroscope of Hartridgep, 3) did not sufier from 
this disadvantage smce bv its means a large number of determinations 
could be made on one sample 

of 

sequentlv be subjected to remeasurement and verification and both 
methods are hable to subjective errors 

It vas largelv with the object of obtammg permanent records that 
the photographic methods to be described m this paper were mvesn- 
gated 

The results show that the photographic method would appear to 


Both these methods sufier however from the disadvantage that neither 
them obtains from the sample a permanent record which can sub- 
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Lave as wide a scope as the reversion spectroscope and to have two 
advantages additional to those already referred to 

(a) The accnracy is in general higher than that attamable, even 
under the best conditions, by the reversion spectroscope Especially is 
this the case when the solution contains a high p c COHh 

(d) The time required for making the record can (by increasmg the 
mtensity of the source of hght used for photographing the solution) be 
reduced to a few seconds, and thus economise greatly the amount of 
flmd required m eases where observations have to be made on moving 
fluids (e g for purposes of kmetic studies) 

The Photographic Method 

Inspection of the spectrophotometric data obtamed by Hartridge(2) 
shows (a) that the movement of the a band, which occurs when oxygen 
gas IS replaced by carbon monoxide gas from its combmation with 
heemoglobm, is greater than the movements of the ^ bands or of the 
trough between the two bands, and (h) that the edges of the a band are 
sharper than those of the )5 band For these reasons our photographic 
records were limited to the spectrum occupied by the a band 

Smce the a band hes in the yellow-green part of the spectrum to 
which ordmary non-colour sensitive photographic plates are practically 
insensitive an orthochromatic or panchromatic plate had to be found 
that would be suitable for our purpose After testmg several different 
makes and vaneties it was found that Ilford Chromatic plates (half- 
plate siae) were suitable 

For reasons which wiU be discussed later it was desirable that the 
a band should appear on the negative as a hght band bounded on either 
side by areas of equal blackness, t e should be as symmetrical as possible 
Keference to the absorption curves of OiHh and COHh shows that m both 
cases the area of the spectrum just to the red side of the a band is much 
brighter than the area of the spectrum just to the green side This lack 
of symmetry vas approximately compensated for by means of the 
photographic plate which was used, for the latter bemg of the ortho- 
chromatic type IS relatively insensitive to red hght 

The spectro-camera which is descnbed in detail elsev here (i) consisted 
of sht of 2 7 mm width and 7 mm length with collimator of 700 mm 
focal length A direct nsion pnsm grating was designed in such a wai 
that there was projected on to the plate a reference mark vhich occupies 
a fixed position m reference to the spectrum which is projected on to 
another portion of the same plate durmg the same exposure By means 
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of this reference mark it is possible subsequently to ascertam the ivave 
length of different parts of the photographs of the spectra The camera 
lens also had a focal length of 500 mm The distance between the sodium 
Imes (589d I.U ) and the thaUium hue (5351 1 u ) of the spectrum was 
26 5 mm , t e the dispersion m this part of the spectrum was approxi- 
mately 22 2 A u per mm 

The light source employed was a fullohte lamp which was supphed 
with direct current at 105 volts from a set of accumulators The solutions 
to be photographed were placed m smtable glass cells which were placed 
between the bght source and the sht of the spectro-camera The hght also 
passed through a correctmg colour filter (prepared by Hartridge’s 
method) which cut off the short wave length part of the spectrum below 
5300 1 u The plate m its dark shde was attached to a repeatmg back 
so that a considerable number of spectra could be recorded on the same 
plate 

Usually photographs of spectra of solutions of known composition 
alternated with spectra of which the composition was the subject of 
determmation These were taken on the same photographic plate because 
as IS well known the sensitiveness of colour plates vanes somewhat even 
between different plates taken from the same box 

The duration of the exposure was controlled by a shutter which was 
interposed between the pnsm gratmg and the camera lens 

The plates after exposure were developed with metol hydroqumone 
and were fixed, washed and dned m the usual manner 

In a recent evpemnent sncceasfnl photographs were obtained with an Ilford Chromatic 
plate H and D value = 135 Blood solution 1 m 200 blood, m cell 3 2 cm. thick. 
Evposure = 1 nun. Development = 3 mm 


The ilEAStlKEilEXTS OF THE SpECTRA 
There appear to be at least three methods of perfor min g analysis on 
the photographs of the spectra (A) To ascertam the density at smtable 
pomts of the plates (B) To employ the comcidence method by super- 
posmg the plate over a strip or band of the opposite density arrangement 
(C) To employ the comcidence method with similar parts of the same 
plates (or of positives taken from them) m juxtaposition 

L nfortunately our own work was mterrupted by other engagements 
at the moment when we were ready to begm analysing the plates and 
we have only had personal opportumty to test method (B) This method 
has given encouragmg results, which will be referred to briefly at the end 
of this paper At this stage, however, it happened that Dr Hecht and 
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ilr Morgan were in urgent need of a photographic method of deternuning 
the ratio of oxyhaemoglohm to carboxyheemoglohin for the accurate 
measurement of the dissociation curve of CO-hsemoglobm Method (A) 
was consequently studied by them m detad, and the particular procedure 
finally adopted was tested by them most thoroughly We desue to offer to 
them and to MrF orbes, who contmued to use the method, our warmest 
thanks for aUowmg us to descnbe m this section the method of analysis 
which has been employed by them and proved to be entuely serviceable 

The densities of different parts^ of the plates were measured bj 
an adaptation of the Watson densitometer This instrument consists 
essentially of a selemum cell, the variations of resistance of which are 
ascertamed by means of a mirror galvanometer Two beams of fight may 
be caused to fall one at a time on the selemum cell, one of these has 
passed through a chosen part of the plate which is bemg measured, 
whereas the other has passed through a standard neutral tmt wedge 
which vanes m density from one end to the other This wedge is shifted 
by tnal and error until the fight through it gives the same galvanometer 
deflection as the chosen part of the plate does The position of the wedge 
IS now recorded by vermer reading and another part of the plate is 
selected for measurement 

Fig 1 and Table I show the results obtamed m a typical experiment, 
m which five different optical mixtures of oxyhsemoglobm and CO- 
hsemoglobm were photographed on the same plate Eeadmgs with the 
densitometer were taken at every millimetre over the part of the plate 
on which the a band lies, the total length of the plate thus measured 
being 4 to 6 mm With a later type of densitometer readmgs at every 
half nullimetre have been taken 


Tabix L Densitometer vernier readings of density 

above 
reference 
line at 
Tvhicli the 

de^tju lOOpeCOHb 25pc COHb 60 p o COHb 75 p c COHb 

Photographed 

18 ns 100 p c. 

OjHb 

19 — 

20 — 

21 59 7 

22 52 9 

23 502 

24 50-0 

25 50 8 

26 53 1 

27 57 0 


66 2 

— 

64-4 

— 

63 6 

63 4 

53 8 

67 9 

65-6 

540 

50 0 

62 2 



62 0 



63 3 



65 8 

. — 

60 9 


— , 

50 1 

68 7 

57 3 

65 8 

60 I 

64 1 

50 2 

53 7 

67 0 

643 

60 1 

60 2 

— 

59 8 

— 
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Several difEerent methods of determurmg the proportions of oxy- 
heemoglobin to carhoxyhismoglobui -were tested with the aid of these 
curves Of these two may be mentioned 

(A) Direct measurement of the shift of the apex of the a band 
The apex shifts about 60 A tJ {or 3 5 mm on the plate) when CO 
replaces 0, from combmation -with Hb Owmg, however, to the flatness 



of the density wave length curve m the neighbourhood of the apex, the 
exact detenmnation of the wave length of the apex offers very great 
difficulty This method, therefore, proved to be impracticable 

(B) The measurement of the wave length of the mid-pomts of the 
band at a smtably selected band width 

In Fig 1 the hne AB drawn parallel to the abscissa axis mtersects the 
curve for 0 p c COHb m two pomts A, B of equal blackness (represented 
by the corresponding ordinate of 50 5 vernier units) distant 22 77 mm 
and 24 77 mm from the reference mark respectively In this case the 
breadth of the band, 24 77-22 77 = 2 mm , and the mid-pomt of the 
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band at tbxs breadth of 2 mm , is distant 23 77 ttitti from the reference 
mark 

Similar results for other band widths and curves are given m Table II 


TiaLE II Ware length of mid pomt of band in ram from reference mark 


Band 

width 

mm 

Ope COHb 

25 po COHb 

60 p c COHb 

75 p 0 COHb 

100 po COHb 

20 

23 77 

23 66 

22 92 

21 45 

20 21 

25 

23 84 

23 66 

22 92 

2143 

20 20 

30 

23 87 

23 66 

22 92 

21 42 

20 18 

36 

23 92 

23 67 

22 92 

2140 

20 16 


^It Will be seen that the curves for 25 p c COHb and 50 p c COHb (and 
presumably for all mtermediate mixtures) are almost perfectly sym- 
metrical over the part of the band examined, and that the departure 
from symmetry outside of this range of p c COHb is only shght, and of 
an opposite nature at higher and low p c COHb respectively Bemg thus 
satisfied that the symmetry condition is adequately fulfilled, a smgle 
band width is selected as standard and the values of the wave length of 
this mid-pomt of each of the bands at this width is plotted agamst 
p c COHb The actual width is so selected that the slope of the curves 
at the ex±remities of the chosen width should be mclmed at nearly 45°^ 



Fig 2 


1 Alternatively the average of the values of the mid pomt of the bandforeach p c COHb 

might have been used. 
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to tlie aas m the case of aU the curves rrhen the absciss<e and ordinates 
are plotted on the same relative scale as that used m Fig 1 Thus m the 
present example the hand vaith of 2 5 mm is suitable The curve so 
ohtamed is shoivn m Fig 2, and mav be described as the Cahbration 
Curve of the plate 

Accuracy of the method With careful attention to experimental 
detads (such as the cleanlmess of the solutions to he photographed) 
duphcate photographs of the same solution on the same plate give mid- 
pomt rrave lengths irhich do not m extreme cases differ from one another 
hv more than 0 033 mim, i e about 0 9 p c of the total shift Reference 
to Fig 2 shovrs that an error of this magmtude m photographmg an 
unknovm solution rvould cause an error m the estimate p c COHb ivhich 
vanes accordmg to the actual range of p c COHb vnthui vrhich the 
unknomi hes 


Table UL 


Ranee withm which unknown 

Approximate 

solution lies 

error 

(pc.) 

(pc.) 

0-25 COHb 

0 

25 50 COHb 

o 

50 _ 75 , 

0-6 

75 100 

1 


Smce mdividual photographic plates, even from the same batch varv 
in sensitivity it is necessarv m order to obtam this accuracv to mclude 
on each plate not onlv the spectrum of the unknoivn solution, but also 
the spectra necessarv for obtaining the cahbration curve of the plate 
The senes of p c COHb mav be obtamed most readily bv the method of 
opUcal mixtures, but the solutions used for the latter purpose must be 
identical with the unknown solution m every respect except as regards 
the CO- and Oj-content of hsemoglobm, and the conditions of exposure, 
development, etc should be the same m the two cases If these require- 
ments are adhered to the accuracv mdicated m the above table is 
successfuUv achieved 

It will be observed that the accuracy is verv poor m the important 
range of 0 p c COHb to 25 p c COHb Higher accuracv m this range 
can however, he attamed m the foUowmg manner To equal volumes of 
(i) 0 p c COHb solution, (u) the unknown solution add equal volumes of 
water contammg dissolved CO,i so that the final p c COHb m (i) amounts 
to a value m the neighbourhood of 50 p c COHb Determme the actual 

> IVithont aUowmg anr of the dissolved CO to escape into the air 
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p c COHb m both cases (Mith an accuracy of 0 6 p c ) The difference m 
the two p c values (with a small correction for the difference m the 
amount of dissolved CO m the two cases) gives the p c COHb m the 
unknown with an accuracy of2x06 = 12pc, instead of 6 p c 

The advantages of a symmetrical wave length density curve The im- 
portance of secunng a symmetrical wave length density cur\ e has been 
emphasised more than once, and it is now appropriate to summarise the 
advantages m favour of this policy 

(i) Consideration shows that the wave length of the mid-pomt of a 
symmetncal band at a selected band thickness wdl not be affected by 
small techmcal errors, such as sbght foggmg of the plate, sbght m- 
accuracy m adjustmg the strength of the hsemoglobmto be photographed, 
or sbght errors m the tune of exposure or development 

(u) Variations m the sensitivity of different parts of the same plate 
may amount to as much as 7 p c , but such variations are only likely to 
occur as between widely separate regions A symmetrical band would not 
be affected unless it was so wide that one side of it fell on a part of very 
different average sensitivity to that on which the other side of the band 
falls This contmgency therefore is not likely to be a source of trouble m 
the various bands dealt with in this paper 

(C) The coincidence method by superposition 
This method is m prmciple identical with the one just described 
(B) For the plate is placed face downwards on a sheet of paper on 
which has been mscnbed a black strip of selected width The plate is now 
adjusted m position by means of a micrometer untd this black stnp 
occupies the centre of the bght stnp on the plate which has been produced 
by photographmg the a band The micrometer is now used to complete 
the adjustments so that to the eye the two parts of the band just adjacent 
to the edges of the black step appear to be of equal density With smtable 
cabbration the micrometer scale mdicates the wave length of the mid- 
pomt of the band 

In the previous method (B) two pomts of equal density are found 
where the band has a selected width by means of a density meter con- 
tainmg a selemum cell The wave length of the mid-pomt between these 
two pomts is then ascertamed In this method (C), on the other hand, the 
eye is used for makmg a similar selection This method gave under test 
1 ery promismg results With a total difference of position of the plate 
of 3 72 mm between the a bands of oxy- and CO-hremogJobm (60 1 u ) 
the difference between the average values of ten readmgs on the same 
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band of U-o observers was 0 033 mm The accuracy is therefore 
approximately the same as that given by method (B) 

This method could most probably be improved still further by brmg- 
mg correspondmg parts of the two opposite sides of the band mto juxta- 
position so that the eye could make a more direct comparison and there- 
fore judge more readily when the two sides are of ec^ual density This 
arrangement could be eSected without difficulty by means of an mternal 
reflectmg right-angled prism mounted as m Brewster’s pseudoscope 
It may be noted m conclusion that the above method has two advan- 
tages over the densitometnc method The time required for makmg the 
observations runs only mto mmutes instead of mto hours, and the cost 
of the apparatus is but a small fraction of the cost of the densitometer 

(D) Comcidenee method by juxtaposHion 
In this method the plate is duphcated one half bemg placed m a 
reversed direction to the other half This diipbcation and reversal 
enabhng the same pnnciple to be apphed to the plate as that on which 
Hartndge’s reversion spectroscope is based 

The duphcation and reversal can be effected either by optical means 
or by cuttmg the plate up (or positives taken from it) This method has 
not been explored m any detad, but it would seem to be subj ect to the same 
bmitations as those that apply to the reversion spectroscope, except that 
(o) a permanent photographic record is obtamed which can be remeasured 
at any time, and that (6) the difference m colour on either side of the 
a band is ehmmated 

SUUMABY 

A method is described for obtainmg photographs of the absorption 
spectra of Og-hsemoglobm, CO-heemoglobm or mixtures of the two 
pigments The plates are analysed at leisure either by the selemum 
densitometer or by a visual apparatus m each case the position on the 
plate of the nud-pomt of the a band is deter min ed to withm about 
0 03 mm A cahbration curve relatmg p c COHb to position of imd- 
point of a band is obtamed by photographing a series of known mixtures 
of COHb and OjIIb, and the p c COHb m an unknown solution can be 
obtamed by recordmg and analysmg its photograph on the same plate 
as was used for the cahbrating exposures The difference between the 
respective positions of the a band m the case of 100 p c O^Hb and 100 p c 
COHb amounts to about 3 5 mm , the aecuraoy of the method is accord- 
ingly higher than that given by the reversion spectroscope, and has the 
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further advantages of giving a permanent record and of being far freer 
from subjective errors It is important, hoirever, that the solution to be 
photographed should be free from turbidity 

Our thanks are due to the Medical Besearch Conned for defraying m imrt the 
oipenses involved m this research 
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The electrical responses from a strip of curarised skeletal muscle 
under various conditions By W H CraibI (OmiersiUj College 
Hospital Medical School) {Prehminanj communication ) 

Method A decerebrate frog vas curarised by injecting 2 per cent 
curare into the dorsal lymph sac The sartonus vras removed vnth a 
rmmmum of mjury by dividmg the tibial tendon, the connectn e tissue 
adhesions between it and underlymg muscles, and its muscular pelvic 
attachment Threads were attached to pelvic end and tibial tendon It 
was suspended between two npnght supports at a tension sufficient to 
render contraction isometnc It was stimulated at the pelvic end by 
parallel electrodes so placed that the long axis of the tissue was perpen- 
dicular to the plane passing through the electrodes Thus suspended the 
tissue IS surrounded by only a very limited layer of conductmg (bodv) 
flmd. To vary the quantity of the surroundmg conductmg flmd a flat 
circular glass dish with perpendicular walls 5 mm high was placed on a 
movable support so that it could be gently raised beneath the suspended 
tissue untd any required length of the latter was m contact with the sur- 
face of sahne fillin g the dish At least 1 cm of muscle from the pelvic 
(stimulated) end was left surrounded by air m order to dimmis h the 
effect of the artificial stimulus on leadmg off contacts placed on the tissue 
m the dish When studying the effects of mjury on the action current 
response, before suspendmg the tissue as above, the tibial end of the 
muscle was dipped for a few seconds mto sahne heated to 60° C Leadmg 
off contacts were non polansable and pomted to a diameter of ^ mm 
Responses were recorded by a string galvanometer with a string sufficiently 
tense to secure accuracy of deflection. Elements of the artificial stimulus 
were satisfactorily excluded from action current responses by (1) kdhng 
the tissue in sifu and examinmg the movement of the str ing durmg 
stimulation, or (2) reversing the direction of the stimulating current and 
observmg its effects on the recorded response, or (3) photographing a 
simultaneous record of stimulus and action current response hy means 
of a second string To simplify mterpretation of records, the tissues were 
exammed at a temperature of about 12° C 

> Work undertaken on behalf of the Hedical Research Council. 
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Results (a) With two contacts on a sartonus suspended m an the 
response is diphasic, the initial phase indicating a relative negativity of 
the proximal contact 

(6) With two contacts on a sartonus m contact with a quantity of 
salme, the response varies m form with the distance between the con- 
tacts It shows from three to six phases The mitial deflection mvariably 
mdicates a relative positivity of the proximal contact 

(c) With one contact on a sartonus immersed m a quantity of salme, 
and another at a distance m the surroundmg medium, the response is 
tnphasic with an mitial positive phase 

(d) With the distal contact on an mjured area, and the tissue sus- 
pended m air, the response is monophasic If, without disturbmg the 
relation between tissue and leadmg off contacts, the regions led off are 
placed m contact wnth a quantity of sahne, the response is no longer 
monophasic and shows an mitial positive phase 

Gondusions Diphasic and monophasic responses may be obtamed 
from a curansed sartonus under particular conditions only, i e when 
the tissue is surrounded by a very limited conductmg medium They are 
not obtamed when the tissue is surrounded by a large quantity of salme 
Granted that these are the facts, prevaflmg views on the explanation 
of the electrical responses of skeletal muscle appear to be called m 
question 


The active relaxation of capillaries and venules 
in the reflex flare By T Lewis 

In wntmg of the reflex flare produced m human akin by bistamine, 
etc , I have recently expressed the view that this flare is due to the 
openmg up of the strong (strongly muscled) artenoles, and have con- 
cluded that, so far as the nunute skin vessels are concerned, any active 
participation m this reflex is mappreciable In statmg that an active 
change m the nunute vessels can play no more than a mmor part in the 
flare, I have mtentionally inferred that the dilatation of these vessels, 
which IS responsible for the visible redness of the skin, is brought about 
mamly, perhaps entirely, as a passive effect (T/ie Blood Vessels of the 
Human Slin, London, 1927, pp 42 and 221) With this view Krogh 
and Rehb erg express disagreement m Proc Physiol Soc , Hov 12th 
They have attempted to ascertam the pressure prevaihng in the minute 
venules of skin mvolved by \uvid histamme flares, using a capsule similar 
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to ttat of HecklingliaTisen, and they declare the pressure to be from 
6 to 11 cm of Tvater Smce they find that such pressures are httle if at 
all greater than those existmg m the same vessels when these are un- 
flushed, Krogh and Eehberg conclude that m the histamme flare 
the dilated venules must be actively relaxed. If Krogh and Rehberg’s 
values for venule pressures are correct then the conclusion that these 
vessels are actively dilated m the histamine flare seems to me mevitable 
Hoivever, I am unable to accept their values either as correct or as 
even approximatelv representmg the true values They beheve that the 
pressure appbed externally by means of a transparent capsule is equal 
to and gauges that m the venules when **a distinct blanchmg of the 
skm occurs Their use of this index is eventuaUy the result of two 
assumptions, first, that the mdex correctlv gauges venule pressure in the 
normal skm, and, secondly, allowing this to be the case, that an identical 
mdex serves when the skm is flushed Upon the first assumption no 
further comment is here needed, the second assumption can be shown 
to he erroneous m the foUowmg way If a known pressure (say 40 mm 
Hg) IS thrown upon the vems of the arm, it is clear that, after a sufficient 
lapse of time, the pressure m the mmute i enules will nse to at least that 
value If now, a pressure exactly equal to this congestmg pressure, is 
thrown upon the congested skm by means of a capsule, this skm at once 
blanches, It blanches, notonlv “distmctly,” but conspicuouslv , “distmct ’ 
blanchmg is obtamed by smaller external pressures, pressures that are 
known from the circumstances of the experiment to be much below the 
true values m the venules The amount of actual blanchmg seen, when 
equal congestmg and testmg pressures are used, mcreases progressively 
as these pressures are raised m successive tests In all such tests the 
congested skm blanches to approximatelv the same end point, namely, 
to its ongmal uncongested colour (tested over the range 20 to 70 rnm 
Hg) Thus It IS abundantly clear that such an mdex as “distmct blanch- 
mg is madmissible m the case of skm flushed by congestion A truer 
mdex, and one which gives a value for the pressure withm the mmute 
vessels that cannot exceed the actual value is the pressure which, 
appbed externally to the congested skm, reduces its colour to that of 
uncongested skm If this mdex is used m the case of histamme flares 
upon skm placed level with the base of the heart, values of 50 to 60 Tn-m 
Hg are obtamed^ These are mmimal values for the actual pressure m 

* If the index is ‘ distmct blanchmg’ then I agree that the values are verv much lorrer 
but that 13 aI*o -=0 for the skm when the pressure m the mmute vessela is raised bv congestme 
the vems to 60 or more tutti Hg e s 
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the minute vessels, and they strongly support my idea that these vessels 
are dilated passively and not actively as Krogh and Eehberg believe 
A full account upon which this prehminary note is based will appear 
in Heart 


The efFects of subcutaneous and Intraperltoneal injection of 
oxygen upon the oxygen saturation of the arterial blood 

By H W Davies and M Rabinovich 

Dogs anaesthetised with luminal sodium were rendered anoxffimic by 
the production of pulmonary embolism m the manner described by 
Binger, Brow, and Branch^ The anoxaemia was associated with con- 
siderable mcrease m respiratory rate which returned to normal or fell 
considerably when oxygen was administered by the lungs Oxygen 
administration by this method restored the oxygen saturation of the 
arterial blood to normal whereas massive mjeotions of oxygen sub- 
cutaneously and mtrapentoneally were without effect upon the respi- 
ratory rate and were associated with httle or no increase m the oxygen 
saturation of the artenal blood A summary of these effects is given m 
the table It may be concluded that the use of subcutaneous and intra- 
perltoneal mjections of oxygen for the treatment of anoxieniia cannot be 
justified 

Table I 


Dog No 

Weight 

kgta 

Normal 
% artenal 
otygen 
saturation 

1 

14 

92 

IL 

23 

89 

m 

13 

88 

V 

10 

87 

VL 

17 

86 

vm 

16 

86 

X 

13 

91 5 


Anosaanuc 

After sub 
outaneous 
0, injec 
tion, % 

C c. Oj 

% artenal 

artenal 

injected 

oxygen 

oiygea 

gubcn 

aataration sattimtion taneously 

85 

87 

160 

81 

81 

160 

78 

87 

200 

80 

85 

350 

6G 

43 6 

300 

80 

80 

1000 

66 

63 

600 


After intrn 
peritoneal 

C c. 0, 

Breathing 

0, injection. 

oxjgcn 

% artenal 

mjected 

% artenal 

oxygen 

intra 

oxygen 

gatarotion pentoneaUj 

saturation 

86 

1000 

— 

83 

1000 

94 


— 

97 

82 

600 

95 




94 6 



— 

9S 

53 

600 

04 S 


1 Journal of Clinical Invahgahon, i p 165 1925 
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means of wkch, danng inspiration, 6-10 c c of the air from the end of 
the previous expiration is sucked over mto a 260 c c samplmg bottle 
contaming air In about 20 minutes it is assumed that the air in the 
bottle has been replaced completely by alveolar air Cullis, Eendell 
and Dahl( 2 ) have reported favourably on this procedure, but most 
workers, ey Einger(8), Moore ei al (7) and Eosen and WhiteP), 
have found it necessary to modify the ongmal technique We have 
devised an electrical method of samplmg, which is simple to operate and 
has given us rehable results The arrangement of the apparatus is illus- 
trated m the figures (Figs 1 and 2) A tube leads from the space 



Fig 1 Arrangement of apparatus for continuous samplmg of the nlreolnr air 
/ = Inspiratory valve ^ = Expiratory valve Descnption m text. 


between the valves of the mouthpiece to a small Marey’s tambour 
The lever which rests on the tambour dips mto a mercury cup, the 
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WKt q£ Nviucli can be suitably adjusted Tbe negative ^ 

inspiration sucks on the tambour and thus closes the circuit of a large 

eleLomagnet, to ivhich is attached the piston of lf2 

IS made of brass and the rod is of stainless steel The details of ito 
construction are shovm m Fig 2 There is a tube placed just beyond 



the expiratory valve, which leads to a samphng bottle filled with flmd 
Durmg each inspiration the valve piston is raised and a small amount 
of flmd IS permitted to escape As a result, the air which is present 
just beyond the expiratory valve, and which thus represents the last 
of the previous expiration, is sucked over mto the bottle The amount 
of air collected with each breath can be regulated by a screw chp placed 
on the rubber tube leading away from the valve In subjects who sahvate 
excessively, we find that the accumulated sahva mterferes with the 
proper workmg of the tambour It is advisable to mterpose between 
tbe valve and tbe tambour a small glass “sahva trap,” which also serves 
^ ‘■'prevent the full force of inspiration actmg on the tambour if the 
lightmg circmt is employed, a small carbon lamp must be introduced 
as a resistance By means of this valve, two 300 c c samples can be 
collected simultaneously m about 5 minutes 

A senes of expenments were earned out to compare the CO- content 
of samples collected by this method and of alveolar air collected at the 
end of a maximal expiration, using the Haldane-Pnestley samphng 

&— 2 
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tube or tbe method of Doddsao) In this latter method the subject 
IS instructed to whistle As the note begins to fade, the nozzle of a 
10 c c syimge is introduced between the bps and rapidly filled with 
air from the mouth This represents alveolar air We found that samples 
collected m this way agree with those obtamed by the Haldane-Priestley 
technique, and samples can be obtamed m this manner from subjects 
m which the other method proves repeatedly unsuccessful Ulustrative 
results are shown m Table I The subject was allowed to breathe through 


Table I 

Pulmonary 

ventilation Alveolar CO, p o 



Bate per Depth 


With 


Differ 


Subject 

minute 

in c c. 

Before 

valve 

After 

ence p c 

Remarks 

T J 

31 

290 

Failed 

614 

Failed 

— . 

Untramed Over 

tv N H. 

22 

340 

6 86 

4 89 

6 33 

-8 

breathms 

UntrainetL Still over 








breathing after 15 
minutes with valves 

JLK. 

19 

360 

6 11 

6 95 

6 21 

-4 



BCD 

21 

360 

68 

4 66 

4 6) 

+ 6 

Over brcathiUK into 

JI K. 

16 

400 

— 

66 

42/ 

63 

-12 

Douglas bag 

Breathe mto Douglas 
bag 

After lunch 

ILK. 

15 

470 

6 8* 

60 

64 

-6 

SLK. 

13 

630 

— 

6 36 

6 03 

+ 6 



M IC 





6 16 

6 07 

5 91 

+ 2 

Cotton wool resistance 

S W 

10 

600-800 

6 94 

6 94 

— 

— 

Cotton wool resistance 







on inspiratorv side 
spirometer on ei 
pired side 



S W 

8 

620 

6 361 

634 

— 

— 

— 

S W 

9 

650 

6-07t 

6 9t 

6 78 

+ 2 

— 


♦ Jlean of 3 t Mean of 4 t Mean of 2 


valves for some time before the contmuous sample of alveolar air was 
collected The columns headed “Before” and “After” are samples of 
am collected at the end of maximal expiration just before and immediately 
after breathmg through the valves It is seen from the table that if 
the tidal an is 600 c c or over, very close agreement is obtamed between 
the two methods This confirms the findmg of Haldane(U), that to 
obtam a sample of alveolar am, the depth of expmation must be 600- 
800 c c Most untrained subjects, however, breathe through valves m 
much more shallow manner We, therefore, give the subject instructions 
to breathe voluntarily at a slow rate, le 10 to 12 times per mmute 
As pomted out by Haldane(i2), if there is no resistance to breathmg, 
the compensation to diminished frequency by mcreased depth is almost 
perfect Adequately deep breathmg is thus obtamed, and i ery soon 
the subject adopts tins slow rhythm unconsciously and without efiort 
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Eeference must be made to a recent commumcation by H. Bar- 
croft(9) m -whicb be bas dra-wm attention to tbe older work of Krogb 
and Lindbard(iO) These authors claim that there are wide vanations 
m the composition of the alveolar air durmg each respiratory cycle, 
and that both the method of contmnons samplmg and that of Haldane 
and Priestley yield results which do not represent the aierage com- 
position of the alveolar air to which the blood is exposed m its passage 
through the lungs Accordmg to Barcroft the alveolar ethyl iodide 
tensions obtained by the methods mentioned are lower than the true 
values, and conseq^uently the circulation rate which is calculated from 
the use of such data may be 25 p c too high "We have not yet had the 
opportumty to repeat Krogh and Lindhard’s observations upon 
which the argument of Barcroft depends 


11 Storage of ethyl iodide 


Henderson and Haggard advise that the mtenor of the spiro- 
meter m which ethyl iodide is volatihsed should be coated with red lead, 
because rapid destruction occurs if ethyl iodide comes mto contactwith 
copper We have not found red lead very satisfactory A considerable 
fall in the concentration of ethyl iodide takes place durmg one or two 
hours Further, as a result of the mteraction of the ethyl iodide possibly 
with the ofly basis used m the manufacture of the red lead pamt, a 
compound is formed with a very disagreeable taste and odour, so that 
after each experiment the mtenor of the spirometer must be washed 
out several times with fresh air before it is fit to be used agam TTe have 
found that pure mtro-cellulose syrup sold under the name of luc, is 
more satisfactory It contains no metalhc pigment, and ethyl iodide 
undergoes httle destruction even after prolonged contact The followmg 
data illustrate this pomt The concentration of ethyl iodide is expressed 
throughout this paper m terms of the number of c c of A 72 OO sodium 
thiosulphate employed to combme with the lodme hberated when the 
ethyl iodide sample was drawn through a heated lodme pentoxide tube, 
300 c c samples were usually employed 


n a,m. Simaltaneoua samples 
12 noon. 

3 pm. , ^ 


41 415 43,425 
40 40 

3 8 3 95,4 05 3 9 4 05 


At 4 2 
40 
, 3 95 


Ethyl iodide may be left m the spirometer for several days, and the 
concentration only falls by 20-30 p c 


Spirometer concentration 6 9 3 dav* later 4 75 
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After painting the spirometer with luc, it is advisable to have it 
exposed to the open air for a day or two to drive off traces of the volatile 
solvent, which is probably amyl acetate 

It IS difficult to produce uniform mixin g m the spirometer even 
when an efficient fan is employed for over half an hour Ethyl iodide 
IS heavy and tends to sink, so that the air co min g out of the spirometer 
first has a higher concentration than that obtained later 

Spirometer reading 2 Ethyl iodide concentration 6 7, 6 6 
.. .,20 „ , 6 36 

„ 40 „ „ 6 26, 6 25, 6 2, 6 25 

After about 100 htres of aur have been expelled from the spirometer, 
it IS noted that the readmgs, though lower, are very constant 

To overcome the difficulty of non-umform mix ing, we employ the 
electnc valve described above to collect 6-10 c c sample of the inspired 
air durmg each inspiration. The “inspired air” sample consequently 
represents accurately the air breathed m durmg the experimental period 
We also sample the expired air m the glass mixing chamber in the same 
way When determining the circulation rate, we use the valve to collect 
simultaneously duphcate samples of the inspired, expired and alveolar air 
Ethyl iodide is fairly stable m the presence of water vapour and 
when m contact with the surface of water, for, as we have seen above, 
it undergoes very slow dismtegration when stored under such conditions 
m a spirometer An ethyl iodide mixture can be collected over water 
and bubbles rapidly through water without appreciable loss It under- 
goes very rapid destruction m a Douglas bag 


Example 

Concentration in spirometer 

„ , Donglaa bag after 6 nunutes 


A 

60 

326 


B 

665 

39 

215 


m Estimation of ethtl iodide 

We have employed the lodme pentoxide method adtused by Hen- 
derson and Haggard, and use the electrically heated bath manu- 
factured by B D H 

(1) Temperature We find the optimum temperature for the reaction 
IS 200-220° C 

(2) Rate of fioio We have found m confomuty with other workers 
that the rate of air flow through the tubes of 1 hire per minute (as 
ongmally advised) gives unrehable results Satisfactory estimations can 
be obtamed if an mitial slow flow of about 100 c c per minute is used 
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for 3 or 4 minutes lodme is deposited on tlie outlet tube, but is vola- 
tdised on running air rapidly tbrough for another 6 minutes 'With an 
mitaal rapid rate of flow, etbyl iodide can be dnven through two iodine 
pentomde tubes m succession without undergoing complete destruction 
(3) Concentration of ethyl iodide 'With concentrations of ethyl iodide 
equivalent to thiosulphate titrations of 8 c c or over, the iodine pentoside 
method gives unrehable results, even it an imtial slow flow is employed, 
the tube then remains unrehable for some tune after, and requires 
re-seasomng for several hours 

Experiments to illustrate the effect of rate of air current and concentration 
of ethyl iodide on the estimation of the latter 


Ethyl iodide in air was run throngh an iodine pentonde tube A, then through two 
KI tubes, and then into a second iodine pentonde tube B Samples taken simultaneously 
from spirometer were used tor each pair of estimations. 




Tube A 

Tube B 

Total 

1 

10 minutes at 1 Utre per mmute 

5 25 

0 20 

6 43 

2 

4 mmutea slow, 6 minutes fast 

6-25 

0 14 

6 39 

1 

10 minutes at 700 c c i>er minute 

465 

0 47 

6 12 

2 

5 mmntes slow, 5 mmntes at 700 c.c per mmute 

6 16 

HrstS' 

0-40 

Second 5 

6-65 

1 

6 mmutes fast (smgle LOj tube) 

10-6 

02 

10-7 

2 

4 mmntes slow, 6 mmutes fast 

— 

— ■ 

115 83 
12 88 
ll4 60 


(4) Seasoning NIe have used lodme pentoxide tubes prepared by 
the methods both of Rosen and "WhiteP) and of Henderson and 
Haggardai Similar results cau he obtamed from either kind of tube, 
but seasomng at 250 C must be thorough and prolonged The tune 
given by these authors for the duration of seasomng is too short, and 
in our experience it may take 72 hours or longer Seasoning should be 
contmued until close agreement is obtamed m the titration for two 
samples removed simnltaneously from the spirometer Re-seasomng 
must be earned out at intervals For no apparent reason the tubes 
may cease to function satisfactorily at tunes and reqmre prolonged 
seasomng ^ 

The iodine pentoside method has been adversely cntiosed by Starr 
and Gamble(5), who have mtroduced a silver mtrate method for the 
estimataon of ethyl iodide It must be admitted that the lodme pentoade 

^ precautions enumerated are 
attended to, simultaneous samples should show agreement within 1 or 
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2 p c , or even less fit tuiies Witli prolonged use, the tuhes may 
lower absolute readings than previously 

IV pAETinoN coEmcuBNT Of ethyl iodide, its presence in the 

VENOUS BLOOD AND DESTRUCTION IN THE TISSUES 

A Experiments on ammals Henderson and Haggardp) claim 
that the partition coefficient of ethyl iodide between alveolar air and 
blood IS approximately 2, and that ethyl iodide is destroyed in its 
passage through the tissues, so that the venous blood contains less 
than 10 p c of the concentration present in the arterial blood They 
determined the partition coefficient of ethyl iodide tn vitro for water 
and blood, and tn mvo m expenmenta on dogs Starr and Gramble(6) 
in expemnents in mtro found the partition coefficient between air and 
Water was 2 7, between air and blood ?n mtro the coefficient was found 
to be 7 6 

We have endeavoured to determine the partition coefficient in vivo 
m expenmenta on cats and goats 

In the experiments on cats, the animals were ansesthetised by mtra- 
pentoneal injection of 10-15 c c of a solution of chloralose saturated 
at 40® C The animal breathed m from a spirometer containing varying 
concentrations of ethyl iodide, rangmg from 1 1-7 5 c c to 250 htres 
The concentration of ethyl iodide used m the determmation of the 
chmcal circulation rate is about 0 76 c c to 260 litres It is essential to 
use much higher concentrations in the animal experiments m order to 
get an appreciable amount of iodine from the samples of blood 0 6 p c 
COg was added to the inspired air to increase the pulmonary ventilation 
The animal breathed through Muller valves with a very small dead 
space Samples of inspired air, expired air, and artenal blood from the 
•carotid artery were analysed for their ethyl iodide content The expired 
air was collected in a long glass tube of about 40 c c capacity, the outer 
end ol which just dipped under the surface of water in a basin No 
attempt was made to collect alveolar air, because the dead space of 
the smallest rubber valves we had was very large in relation to the tidal 
air of the cat The minute ventilation under the influence of the stimu- 
lating action of the COg amounted to 360-760 c c per mmute in some 
experiments With this degree of hyperpnoea the expired air approaches 
-fairly closely m ethyl iodide concentration to that of the alveolar air 
The expired air bubbled through the water m the Muller valve before 
bemg collected in the expiratory sampling tube, but some experiments 
we made showed that no loss of ethyl iodide resulted from this procedure 
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Example Ethyl iodide nustnre from spirometer ivas driTen through dry sampling 
tubes, then through Muller valve mto another seneS of samphng tubes. 

A B 

a) Dry bottles 3 76,3 9 495,6 05 

(H) After bubbling through vrater 3 86 6 35, 6 26 

The high figure obtained m II B is probably due to the faot that a certam small 
amount of ivater containing ethvl iodide in solution was bubbled over into tho samphng 
tube As the partition coefficient in water is over 2, the ethyl iodide content of the wet 
tubes mav thus tend to be a httle greater than that of the dry tubes. 


Analysifi of tlie blood was earned out u si ng the apparatus figured in 
Henderson and Haggard’s paper A stream of air is bubbled through 
the blood, and the ethyl iodide passes out of solution and is earned 
through an iodine pentonde tube m the usual way Careful blank deter- 
minations were made previously The apparatus can deal with 6 c c 
of blood quite convemently, but with quantities of 5-10 c c much care 
has to be exercised because a great deal of frothmg takes place, and it 

15 essential that none of the blood shall pass over mto the iodine 
pentoxide tube We find that a run of 10 minutes, and sometimes of 

16 minutes, is necessary to wash out all the ethyl iodide from the blood 
Samples of venous blood were taken durmg the course of the expenment 
from the saphenous vem, or at the end of the expenment Horn the 
infenor vena cava Samples of artenal blood were also taken after the 
ammal had breathed pure air for 5-15 mmutes The number of c c of 
N/200 thiosulphate used in titrating the lodme hberated from the 
samples of blood exammed are given If the titrataon is under 0 5 c c 
it is obvious that the margm of error becomes considerable, and less 
rehance can be placed on the results obtamed The ratio between the 
ethyl iodide concentration m the artenal blood and m the expired air 
was calculated As the ethyl iodide concentration m the alveolar air 
IS lower than in the expired air, the true partition coefficient must be 
higher than the figures given The results obtained are summarised in 
Table II 

In Exp 5, in which a mixture of 1 1 c c ethyl iodide m 250 htres 
air was employed, the thiosulphate titrations were very low and the 
results were so markedly irregular that httle rehance can be placed on 
them 

It 13 clear that concentrations of ethyl iodide at least 4 or 5 times 
above those employed chmcally must be used m this work, in order 
to get an amount of lodme from the blood samples which bears a reason- 
able relation to the blood blank Considerable variations were found 
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Expt. 

1 




Table H. 

Erpenmenta on Cats 



Kthyl 
iodide 
in 250 L. 

Per 

conUge 

cevm 

spiro- 

meter 

06 

CoDctu of ethyl 
iodide in 100 c.e, 
arterld 
blood dorlog 
eipL (In 
terms of i^/200 
tbloralpbAtc) 

32 3-39 

lUtio of ethyl Iodide In 
arterial blood to that In expd. air 

— A- ^ 

Percentago 
return In 
venous 
blood 

76 


spirometer 

«ir 

C.C. 

76 

Atotjb 

30 

Baoge 

2 7-3 2 

No of 
deter- 
whmtions 

2 

f 

nemarL'f 

After breathing fresh air 
for 6 mins, artenal blood 
still contained 45 p c. of 
premous ethjl iodide 
concentration 

60 

06 

32 5-66 

61 

4 2-71 

3 

70 

Artenal blood oontamed 
36 p c. of previons ethyl 
iodide concentration 

after breathing fresh air 
for 16 minutes 

60 

06 

20 0-413 

43 

34-66 

4 

76 

— 

6-0 

— 

10 3-48 0 

44 

3 6-5 4 

2 

40 

— 

1 1 

06 

3 7-66 

— 

18-56 

3 

■ — 

Thiosulphate titrations 
very low (0 16-0 76 0 . 0 .) 
Besults very nregnlar 


m the ratio of ethyl iodide m artenal blood to that m expired air The 
average values m Exps 1 to 4 were 3 0, 6 1, 4 3, 4 4, the range being 
from just under 3 0 to shghtly over 7 The actual partition coefficient 
must be higher than these figures A large return of ethyl iodide (from 
40-70pc) takes place m the venous blood Ethyl iodide was still 
present m the artenal blood after the animal had breathed pure anr for 
6-16 mmutes In some of the experiments the concentration of ethyl 
iodide in the artenal blood mcreased steadily dunng the course of 
several hours, although the pulmonary ventilation showed no similar 
change 

In the expenments that were earned out on 6 goats, the animals 
breathed through valves, and alveolar air was collected at the same 
tune as the artenal blood samples A “spear-valve” respirator made 
by Siebe-Gorman was employed This had a small dead space, and the 
valves had almost no resistance whatever Owing to the very long 
trachea m the goat, the total dead space m our expenments was found 
to be high — at least 76 c c m one ammal with a tidal air of about 
116 c c It IS therefore probable that real alveolar aur was not collected 
and that the samples obtamed represented a mixture of alveolar and 
some dead space air The ethyl iodide concentrations found m the 
sample are m consequence too high, and the real partition coefficient is 
greater than the figures obtamed 
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Example 

340 

346 


3 65 


Goat 17 Kg 2 5 0 0 . CjHj 1 to 260 litres air Ko COj 
Breathing started 

6cc artenal blood =0 56 c o thiosulphate = 9 3 c.c per 100 co. 
Alveolar air =164 „ =2 6 


Expired air =5 65 

6 0 0 . arterial blood =0 68 


=7 9 
=9 6 


04 


Partition coefficient — =3 6 

When the inspired air contained 5 0 c c CgHsI in 250 litres air the 
artenal blood concentration was 19 4 c c thiosulphate per 100 c c and 
the partition coef&cient was 3 4 With 10 c c ethyl iodide in 250 htres 
air the artenal hlood contained 16 4 and 18 0 c c thiosulphate per 
100 c c and the partition coefficient was 3 0 

It is to be expected that m animal experiments of this character con- 
siderable vanation m the results should he obtained The character of 
the breathmg influences the degree and uniformity of ventilation of the 
alveoh The pR of the blood may perhaps affect the partition coefficient 
The anesthetic may produce changes m the permeabihty of the alveolar 
epithehum, and if there is oedema of the lung, mterference occurs with 
gaseous mterchange with the blood Thus in one experiment in a goat 
when there was much mucus m the trachea and pulmonary oedema a 
partition coefficient of 1 4 was obtamed. Atropine was administered 
then the experiment was repeated 30 mmntes and 50 mmutes later and 
coefficients of 2 8, 2 7 were obtamed The range of results m the goats 

was 2 0-3 6, the higher results being obtamed m the more satisfactorv 
experiments •’ 

These experiments of course do not teU us what the partition coeffi- 

cient IS m man when the ethyl iodide concentrations used chmcaUy are 
inhaled for a short time ■' 

B Return of ethyl xodxde xn the venous blood tn xnan A senes of 
experiments were ^med out to determme whether ethyl iodide returns 

(1) The subject breathed from the spirometer nuA ^ j 
was^ollected m a gla^ mixing chamber of 6 htr« capacity^“pen^ 

tbechaX;rnd"SefsrpW^^ - 

at 0 nunute mtervals for penods of 20-30 Mes “if^ethyl” mffif 
returns m the venous blood, there should be a defimte nse 

„t ,h. a, con. 
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occurs m the extent of the pulmonary ventilation must he taken into 
account The results obtained are given in Table HI 


Subject 

Ethyl Iodide 
per SOOac. 
Inipired Alr(li 2 
lemj of 
thlofujphate) 

C.C. 

Pre- 

liminary 

breatUii^ 

mins. 

E tv P 

4 06 

6 

A- 

6 89 

6 

M K, 

650 

3 

P 

244 

5 


Tabue m. 




Kthyl fodfde 

E hvl fodfde 

Time of 

perSOOc-c- 

pet-SOOcaC. 

collection 

ciptred air 

alceoiar aSr 

of samples 

tt 

C.C. 

sxt 6 mma 

143 

0 90 

5 


136 

101 

6 


145 

0 99 

8 

>» 

170 

1 07 

6 


2 07 

126 

6 

tt 

2 71 

1 60 

5 

tt 

2 71 

1 79 

6 

» 

2 83 

2 05 

6 

tf 

1 65 

1 11 

6 

»> 

264 

161 

6 

fp 

2 77 

1 40 

5 

t 

— 

— 

6 

tP 

263 

1 83 

6 

PP 

109 


6 

tP 

101 

— 

S 

tP 

1 12 

— 

6 

PP 

109 

— 

10 

PP 

1 13 

— 


Pulmonary 
TeutUaUoa 
per mtg. 

litres nertitrkji 

6 08 ^ 

65 — 

7 1 — 

6 02 — 

9 3 De&mte nse of 
8 2 alreolar and ei 

6 8 pired concentre 

8 3 tiona 

6 3 Kist sample loir 

4 7 because taben 

6 05 too soon 

62 
6 36 

6 9 Pubnonaiy ren 

6 05 tUabon dinun 

6 96 isbed but ex 

6 66 piled air un 

6 63 changed 


In the experiment on A there vas a contmuous nse m the ethyl 
iodide concentrations in the alveolar and expired air, though the pul- 
monary ventilation dimimshed during the penod of observation In 
the case of P , the expired air concentrations vere steady though the 
pulmonary ventJation fell by 20 p c The other tvo experiments are 
mconclusiA^e The ethyl iodide concentrations used m the spirometer 
■n-ere those used cbmcally or less 

(2) The subject breathed for 7 to 10 mmutes from the spirometer 
A sample of the alveolar air vras collected during the last 2 mmutes 
A senes of maximal respirations were taken, and samples of alveolar 
air were collected at mtervals Illustrative results are given below 
Dr Douglas informed one of us that m his experience 12 maximal 
respirations are sufficient to wash out a foreign gas which is present m 
the alveob 


£xp 1 llWP25co ethyl iodide to 250 htres m spiromefer 

Alveolar air collected 

7 mmutes breathing from spirometer Durmg last 2 minutes 

3 fresh air (13 deep breaths) 4 breaths 

3 „ (12 . ) 

2 „ „ (8 . ) 

Duration of after breathing — 8 mmutes. 


Ethyl iodide 
m 300 c c 
c c 
83 
2 81 
2 10 
1 GO 
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Exp 2. 1 25 c,a ethrl iodide m 250 btres m spirometer 


10 mmutes breatbmg from spirometer 
3 , ftesb air (24 deep breaths) 

3 . „ (24 . 1 

3 , r> ^ 


10 rmnates bieathmg from spirometer 
3 , fresh air (26 deep breaths) 

31 {^i ) 

3 , t (■25 »» ) 

Duratioii of after breathing — 04 minutes 


1 spirometer 

Ethyl iodide 
m 300 c c 

^veolar air eoUeefed 

c c 

During last 2 mmutes 

4 75 

„ 6 breaths 

2 20 

6 „ 

1 05 

6 „ 

1 0 

breathing — 9 mmutes 

n spirometer 

Ethvl iodide 
m 300 c c 

Alveolar air collected 

C.C 

Dnnng last 2 mmutes 

2 19 

„ 8 breaths 

0 70 

„ ® tt 

0-70 

* »* 

0 65 


It IS clear from tliese expenments that ethyl iodide is stdl being 
given ofi from the mixed venous blood into the alveolar air after fresh 
air has been breathed deeply for periods exceeding 9 minutes If it is 
assumed that the samples collected durmg this time are m eqmhbnum 
vnth the arterial blood, then it follows that the latter contains con- 
siderable concentrations of ethyl iodide for many minutes after the 
inhalation of the vapour is concluded If the ethyl iodide concentration 
m the arterial blood when breathing spirometer air be taken as 100, 
then m Esp 1, when fresh air was breathed, the arterial blood contained 
34, 25 and 20 after 3, 6 and 8 minutas respectively In Exp 2, it con- 
tamed 46, 22, and 21, and m Exp 3, it contamed 32, 32 and 29, after 
3, 6, and 9 nunutes respectively Similar results were obtamed m 
Exps 5 and 6, quoted m the succeedmg paragraph It is clear that 
towards the end of the penod of inhalation of the mixture there was a 
return of at least 30-50 p c m the mixed venous blood 

This agrees with the results of the ammal experiments discussed 
earher It should be noted that m Exps 2, 3, 5, 6, low concentrations 
of ethyl iodide were employed (0 5-1 25 c c m 250 htres of air) 

C We earned out some experiments in which the subject breathed 
an ethyl iodide mixture for 15-25 mmutes He then breathed fresh air, 
and the expired air was collected for the next 15-20 mmutes, and its 
ethyl iodide content determmei The total amount exhaled durmg this 
penod is not large, and represents 2-5 p c of the ethyl iodide previously 
absorbed It seems probable that the ethyl iodide which escapes from 
the blood mto the tissues does undergo destruction there and does not 
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accuDialate to any extent, otherwise a much larger amount would be 
given ofF m the expired air when fresh air was breathed after the experi- 
mental period Details of some illustrative experiments follow 

Exp 4. R TT P 0 6 c c. ethyl iodide m 250 litres, breathed for 17 minutes Inspired 
147 6 litres (300 c c. =6 24 c c , J7/200 thiosulphate) expired air, 300 o o =2 62 ao , ethyl 
iodide absorbed = 1813 c o 

Fresh au: now breathed 86 6 litres m 13 minutes expired air 300 c.o =0 13 o o thio 
sulphate Ethyl iodide exhaled =40 o c 

Alveolar air after 7 nunutes=0 30 c c. per 300 o c , after 12 mmnte3=0 20 o a , after 
17 minutes =0 08 c c 

Exp 5 Pearce 0 76 o c ethvi iodide m 260 litres breathed m 23 6 minutes, 107 5 
litres. C|HjI absorbed (3 04 per 300 c c ) =1408 c c 

Eresh air, 12 deep respirations, then started eoUeotmg alveolar and expired air 
CjHjI exhaled first 9 tiiinutea=22 c c 
„ „ next 8 6 „ =10 cc 

CjHjI in alveolar air when breathing from spirometer =0 92 c o per 300 c.c 

After 6 mmutea of fresh air=0 17, after 17 mmntes=0 10 

Exp 6 Asoroft 

From spirometer, breathed in 22 6 minutes, 136 litres CjHjI m inspired air=8 59 c c 
per 300 c o , m expired air=3 68 c a, absorbed 2226 c o 

Fresh atr, 12 deep respirations, then started coUeetmg alveolar and expired air 
CVH,I exhaled m 6 minutes =5S o c. 

„ „ next llj minutes = 30 c 0 

CjHsI m alveolar air when breathing from spirometer =2 64 c c per 300 oc after 
6 minutes of fresh air=0 70, alter next 11 5 minutes=0 35 

Discussion 

From the results of the experiments described above, it is clear that 
the partition coefficient of ethyl iodide between blood and air tn mvo 
may vary from over 2 to over 7, and is thus considerably higher than 
that descnbed by Henderson and Haggard We cannot say, how- 
ever, what the partition coefficient is m man after breathmg the chnical 
concentrations of ethyl iodide for a penod of 20 rmnutes 

We have also shown that there is a very considerable return of 
ethyl iodide m the venous blood when high concentrations are breathed, 
and a definite return when low concentrations are used Our results 
also suggest that the extent to which ethyl iodide returns m the venous 
blood vanes with the subject, and m the same indn-idual under different 
conditions Any increase in the circulation rate, general or local, cff 
m the vessels of the skm, would probably tend to cause a greater return 
m the venous blood 

It thus appears that the fundamental propositions on which the 
ethyl iodide method is founded are invahd 
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It IS claimed by some worlcers, however, that the method may be 
empirically sound and the results obtained, though not representmg the 
absolute circulation rate, are comparable These authors claim, and we 
confirm this to some extent from our own experience with the method, 
that if the circulation rate is repeatedly determined in one subject 
under standard conditions, fairly uniform results are obtamed This 
seems to us to prove very httle, because we admit that probably any 
mdividual under the same circumstances deals with ethyl iodide m a 
uniform manner But the results would not be comparable with those 
obtamed m the same mdividual under other conditions, nor are they 
comparable with the results obtamed m other subjects who may deal 
with ethyl iodide m a different manner We find, too, as other workers 
have done, that when the circulation rate is determmed by the ethyl 
iodide method and by the Fick prmciple, results of the same order of 
magmtude are obtamed (though not without marked exceptions) As 
pomted out by Starr and Gamble, this agreement may be due to the 
return m the venous blood nuUrfymg the effect of the high partition 
coefficient 

The ethyl iodide method appears to be nnsmtable for determinations 
of the output of the heart durmg exercise even for comparative purposes 
With the rapid circulation rate, the return m the mixed venous blood 
IS even greater than it would be m the same subject at rest 

We do not know m what form ethyl iodide is earned m the blood 
In our experiments on the partition coefficient, v, e observed that when 
air IS bubbled through the blood there is a small kberation of ethyl 
iodide m the first few mmutes, and that a much larger q^uantity comes 
off m the next 5 or 10 mmutes Possibly ethyl iodide may exist m the 
blood m two forms, (a) m solution, (h) m some more stable state, perhaps 
formmg a loose compound with one of the constituents of the blood 


SuinuRY 

(I) An electncal method is desenbed by means of which contmuous 
samplmg of the alveolar air can be earned out It can also be employed 
to sample automaticallv and simultaneously the inspired and expired 
air as well ^ 

estimation and properties of ethyl iodide are discussed 
(III) The partition coefficient of ethyl iodide ^n vivo m anasthetised 
ammak has been shown to be betueen about 2 and 7 

(W) Ethyl iodide returns m the venous bloodm considerable amounts 
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both la animal experunenta and m tlie imman subject It undergoes 
rapid destruction m tbe tissues 

(V) The validity of the ethyl iodide method for determimng the 
circulation rate is discussed 

We gratefully eipreas our thauka to the Council of the Middlesex Hospital Medical 
School for the promion of a grant to one of ns (S W ) to defray the cost of this research. 
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THE REACTION BETWEEN ACETYL CHOLINE 
AND MUSCLE CELLS Part II 

By A J CLABK 

{Pharmacological Department, Umiersiiy of Edinburgh ) 

SEcrno:^? I The destrhctiox oe acetyl cholixe by the 
fbog’s heaht 

lx a previotis paper(i) the miter described the relation between the 
concentration and tbe action of acetyl cbobne on the isolated heart and 
on the rectus abdominis of the frog Loewi and Xavratilp) hane 
since shown that extracts of frog’s tissues and particularly extracts of 
the frog’s heart can destroy acetyl chohne fairly rapidly This suggested 
a possible source of error in the wnters’ calculations both regarding the 
relation between concentration and action, and the amount of drug 
fixed by the heart, and therefore experiments were made to eliminate 
these errors 

Experimental methods The following methods were used 

(1) Immersed stnp a strip of Tentncle was immersed m Emger and 
the isometnc response was recorded 

(2) iloist stnp a moist step of ventecle was suspended m air and 
its response recorded isometecaUy This method was used chiefly to 
estimate the amount of acetyl chohne present m very small quantities 
of fluid 

(3) Irrigated step a step of ventricle was arranged as above, but 
was imgated by a fine ]et of flmd dnven by compressed air Two 
capillary nozzles were arranged so that irrigation either with a solution 
of a drug or with Emger’s flmd could be alternated rapidly 

(4) Isometnc ventricle the response of the whole ventricle was 
recorded isometncally The arrangement used is shown m hig 1 

The advantages of method (4) are that any quantity of imgation 
flmd from 10 c c to 0 1 c c can be used, and can be changed qmcMy 
The whole svstem outside the heart was filled with boded saline (0 65 p c 
NaCl) The usual imtial tension was 3 cm of water, and this sufficed 
to produce a rapid diastohc filling The ventecle was aUowed to contract 
isotomcallv except for short penods when records were taken, and thus 
the heart received an adequate amount of aerated flmd 


PH LXIV 


9 



124 


4 J CLARK 


In all four methods the heart -was driven at a regular rate (about 
16 per mmute) bj break induction shocks The Einger’s fluid had the 



Fig 1 ApparatuB for meaaanng aotion of drugs on isometno response of frog’s ventnole 
with vamng initial fillings, or vaiying initial tensions 

Se=heart, (5=oiygen supply T„ T, y,=glass taps, A',=electrodes, 
y=ground glass joint Ta=Bina]l rubber membrane tambour (diameter 5 mm), 
iS=all glass Bynnge, graduated to 0 01 o c , for varying initial fillmg, A=movcabJe 
level lot varying initial tension 

following composition NaCl 0 66 p c . CaClj 0 012 p c , KCl 0 016 p c , 
sodium phosphate at pH 7 6 0 05 p c A stock concentrated solution 
of phosphate at the desired pH was used 

relation between concentration and action of acetyl choline The 
irrigated step method elimmated errors due to destruction of the drug, 
since the heart cells were irrigated contmuously with fresh solution 
The curve relating action and concentration obtained with this method 
was identical with that descnbed m mj previous paper (i), which was 
obteined with the immersed step method The onJj difference was 
that a given concentration of drug produced a much greater effect with 
irrigation than with immersion For instance m one heart where the 
two methods were tested alternately, a 60 p c reduction m the force of 
contraction was produced by 10~" molar with irngataon, whereas 10“^ 
molar was needed to produce the same effect with simple immersion. 
This difference depends presumably on the fact that with simple im- 
mersion the drug only diffuses slowly into the sponge-hke tissue of the 
ventacle and as it is bemg broken down there contmuously, the actual 
concentration on the cell surfaces is much less than that m the bulk of 
the fluid 

The measurements made from strips of ventricle are, however, open 
to the objection that the force of contraction only represents a small 
fraction of the maximum force the ijentecle can exert Experiments 
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were tKerefoie made rvitli tlie wKole ventricle contracting isometncally 
When the initial filling was adequate, the mammum systolic tension of 

a fresh heart was usually 70-90 cm of water 

This method was found to give satisfactory results and the ou^es 
ohtamed relating concentration and action were the same as those 
descnhed in my previous paper (i) Yig 2 shows the results of a typical 

expenment 



Fig 2, Action of acetyl choline on the isometno re^onB© of the frog b ventricle 

Ordinate Reduction in force of contraction, expreased as percentage of 
normal contractioxu 

Abacifisa— I/jganthm of (a:), the molar ooncentration of acetyl choline 

The crosses show the observed figures whilst the curve ib drawn to the formula 

^ *~92 —y * ) Ih- the figure ‘*5c’* Is shown on the loganthnuo scale- 

The results obtained with the improved methods described agree 
therefore with the results ohtamed with the simpler strip method, hut 
the more accurate methods of recording show that m most cases acetyl 
chohne does not produce complete arrest of the heart, for usually there 

9—2 
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13 E shieII re^idu&I contrsction wiicli is not sliolislied even wlien very 
lugh concentrations of the drug are employed 

In my previous paper the formula adopted for mterpreting the 


relation between concentration and action was E 


X ■■ 


100 -y 


where 


E — constant, x — concentration and y = action produced by the drug 
expressed as p c of the maximum possible action this last was taken 
to be complete arrest The more recent methods show that the drug 
usually fails to produce complete arrest of the heart, however great 
the concentration, and therefore this formula must be modified to 


K x= , where A = the maximum action the drug can produce, 

expressed as p c of complete arrest Pig 2 shows that the observations 
fit this formula fairly well In this case the maximum action was taken 
as 92 p c diminution m response 

Tfie destruction of acetyl chohne by the heart When a frog’s heart is 
placed m contact with small volumes (0 6 c c ) of acetyl chohne solu- 
tions it recovers rapidly from the imtial effects of the drug This 
recovery, which is shown m Fig 3, is quickest with weak solutions and 
slowest with strong solutions, and is presumably due to destruction of 
the drug by the tissues as descnbed by Loewi and Navratil(2) In 
order to estimate the rate of this destruction tests were made of the 
acetyl chohne content of the solution, by removmg small drops (0 005 c c ) 
and applymg them to a moist ventricular stnp preparation (method A) 
The response of the strip was standardised by apphcations of acetyl 
chohne solutions of known concentration and thus a rough estimation 
of the content of acetyl chohne was possible The smallest concen- 
tration that could be detected by this method was about 6 x lO-’^ molar 
The results showed that acetyl chohne disappeared from the solution 
as the heart recovered, and that the activity of the heart was roughly 
proportional to the content of acetyl chohne remainmg m the flmd 

Straub (3) descnbed a similar type of recovery from muscarme m 
the hearts of aplysia, torpedo and the frog He showed firstly that m 
the case of aplysia the drug passed into the heart and was stored there, 
and secondly that the heart when it had absorbed the drug became 
tolerant to further apphcations 

In the case of acetyl chohne I was unable to detect any storage of 
the drug m the frog’s heart To test this pomt hearts were exposed to 
excess of acetyl chohne (10 c c of 10-^ molar) for penods of one to 
twelve hours At the end of such penods there was still a considerable 
concentration of drug remammg m the solution, but when the heart 
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rinsed ^tk Brogei’s fluid and tken ground up ivitk sand, no aceirl 
choline could he detected in the emulsion. 



Fic 3 The destracbon of acttd cljolme hy th« fro^s ventnde 
Abscissa ^'Cme m mmutea, 

Otdmate=Isometnc contrachon esrpressed as p-c. of nonnai 
In all cases quantibes of 0 5 c c. toere mtrodoced into a rentncle which treiphed 
100 mgin. (moist srei^t). The curres show the lesponse of the heart after coacen 
tracions of acetvl choline ramng from 10~' to 10~* molar, and also the response to 
10~* molar acetvl choline after the rentncle had been atropmised. 

Drops of fluid were remored at interrals and their content of acetvl cholme tested 
on a ventncnlar strip The figures along the cu rie s show the molar concentratioiis of 
acetvl cholme y 10' 

The frog’s heart acquires a certain amount of tolerance to acetyl 
cholme on prolonged exposure to the drug This effect, u-hich mil be 
discussed later, is a source of error m the calculation of the rate of 
destruction of the drug hut does not affect the mam conclusions that 
the frog’s heart destrors acetyl cholme at a fairly rapid rate 

In the experiment shown m Fig 3, 10"^ molar acetyl choline pro- 
duced a 30 p c reduction m the force of contraction of the heart and 
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tlie tunes taken hy the heart to recover after varying doses of acetyl 
ckolme to a response 70 p c of normal, were as follows 

Initial molar ooncentrotion o! acetyl cholme 10~< 10-» 10~< 

Time m mmnfes taken to recover to 70 p o 8 19 62 

of normal response 

Tte heart (which weighed 100 mgm ) therefore took eight minutes 
to reduce the concentration m 0 6 c c from 10“® to 10“’ molar, and 
therefore took 19 — 8 ^ 11 mmutea to reduce the concentration from 
10"® to 10-® molar, and 52 — 19 = 33 mmutes to reduce the concen- 
tration from 10"^ to 10-® molar From these figures it is posable to 
calculate the destruction m gram molecules of acetyl choline per umt 
weight of heart tissue per mmute for a wide range of concentration 

The rate of destruction is fairly uniform for any given concentration 
m any particular heart, for the tune taken for recovery with constant 
concentration vanes as the quantity of the drug This is shown by the 
following figures 

Volame m 0 c. of 10“’ molar acetyl oholine 0 2 10 2 0 

solution mferodaoed 

Time m mmutes to reduce the concentration 10 46 80 

to 10~‘ molar 

A senes of experiments was made m the manner described above 
to deternune the rate of destruction of acetyl cholme at varymg con- 
centratiojis The results obtained are shown m Table I 

T a-rt.t. L Time m mmutes taken for reduction of molar concentration ol acetyl cholme 
All figures reduced to common standard of 0 1 o c. flmd m a ventncle weighmg 
100 mgm. 

Date 10-*-lCr* 10“<-lO-‘ io->-i(r< lo-'-io-’ lo-’-io-^ 

16x1.26 — — — 57 28 

17 n, 26 7 82 S3 46 20 

25x1. 26 — 8 ^5 24 16 

9 xii 26 6 60 22 16 — 

These figures were confirmed by other experiments made upon 
isolated stnps of ventncle to which drops of fluid were added The 
rate of recovery of these stnps indicated a destruction of acetyl cholme 
at a rate of the same order as that descnbed above The figures in 
Table I show that there is a considerable mdividual vanation m the 
rate of destruction of the drug, but that m all cases the time required 
to reduce the concentration to one-tenth is three or four times greater 
with the highest than with the lowest concentrations This difference 
IS remarkably small considermg that the concentration vanes ten 
thousand-fold 
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Range of molar cone, of 
acetyl ctolme 
Gram molecnlea of drag 
destroyed per mmnte 
per mgm of heart 
(moist weight) 


tabix n 

2x10-“ 10-“ 

to to 

10-“ 3 X 10-“ 


lo-^-io-^ io-<-io-’ 

4 X 10-“ 6 X 10-“ 

to to 

10-“ 10^“ 


lo-’-io-* 


10 -“ 

to 

2x10-“ 


The average figures given m Table II show that within the limits 
of error the log of the amount of drug destroyed plotted against the 
log of the concentration of the drug gives a hnear relation, and the 
relation between the amount destroyed (x) and the concentration (c) 
can he expressed by the formula K = x, where K = 7 x 10“®, and 
11= 12 

The rate of destruction of acetyl cholme varied considerably in 
different hearts, for some hearts destroyed the drug ten times as quicMy 
as others Variations m the rate of destruction of the drug did not bear 
any certam relation to variations in the sensitivity of the heart One 
abnormal heart was found which was completely insensitive to acetyl 
cholme even m concentrations of 10-^ molar, but the rate of destruction 
m this heart was of the same order as that m normal hearts 

The destruction of acetyl cholme after atropinisation is also shown 
m Fig 3 In this case the ventricle was exposed to atropme 10-® molar, 
the atropme was then washed out, leaving the ventncle very insensitive, 
and the rate of destruction of acetyl chohne was tested on a stnp of 
ventncle The rate of destruction m this case was withm the hnuts of 
vanation of figures obtamed with normal hearts 

The fact that destruction of acetyl cholme proceeds unaltered both 
m atropimsed hearts and m hearts naturally insensitive to the drug 
suggests that there is no direct relation between the amount of drug 
destroyed and the amount of action the drug produces 

Loewi and Navratil( 2 ) showed that emulsions of heart tissue 
destroyed acetyl cholme, and that this action was abolished by heating 
to 66 C They also showed that acetyl cholme was destroyed by emul- 
sions of hver and gut and to a lesser extent by emulsions of skeletal 
muscle I confirmed these results as regards emulsions of the heart, 
hver, gut and skeletal muscle and also found that frog’s serum had as 
powerful an action in destroying acetyl cholme as the frog’s heart, for 
the destruction by 0 001 c c serum per minute was of the same order 
as the destruction by 1 mgm of moist ventncle per mmute My expen- 
ments confirm Loewi and Navratil’s conclusion that the destruction 
of acetyl cholme is due to a ferment, and that this ferment is widely 
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distributed m the frog’s tissues, and is not confined to those tissues on 
which the drug produces a specific action Many similar ferments that 
destroy other drugs are known For example, the frog’s heart, hver and 
serum contam a ferment which destroys atropme(4) 

The destruction of acetyl chohne by the heart appears to be due to 
an mtracellulai ferment, for I found that when 0 2 c c of flmd was kept 
m a heart for two hours and then removed, the fluid had no power to 
destroy acetyl chohne Moreover, the action is not due to any substance 
that can be washed out of the heart, for a heart that had been isolated 
for 24 hours and had its perfusion flmd changed at least one hundred 
tunes BtiU retained its full power to destroy the drug 

The amount of acetyl chohne reacting with the frog’s heart The writer 
has calcnlated(i) the amount of acetyl chohne actually reactmg with 
heart cells by comparmg the effects of the drug upon a strip of frog’s 
ventncle immersed m a large volume of solution with the effects pro- 
duced when small quantities of drug are added to the moist ventncular 
stnp This method showed conclusively that the amount of drug 
actually reactmg with the heart ceUs must be very small The fact that 
the heart cells can destroy acefyl chohne fairly rapidly further reduces 
the possible quantity of drug that can react with the cells 

Table III shows m fine 2 the figures calculated m a previous paper (i) 
for the amount of drug disappearing from solution when the drug acted 
on heart cells, and m fine 3 are shown the quantities which can be 
attributed to destruction of the drug by the ferment action already 
described A comparison of the figures given m Table III shows that 
by this calculation the destruction of the drug would account for 
nearly the whole of the drug disappearing at the lowest concentration 
measured but that at higher concentrations the amount destroyed is 
only a small fraction of the quantity that disappears 

Table EIL 

(1) Molar concentration o£ acetyl 10"’ 10~* 

choline added 

(2) Gram mola. acetyl choline dis 6 x id-” 6 x 10-*- 1 0 x 10-*° I 6 x I0-* 

appearing per mgm of dry tisane 

(3) Gram mola. of dmg destrored 3x10-** 8x10-*° 3x10-*- 3x10-** 

•mthin 1 minute per mgm. of drv 

tissue 

It is of course unjustifiable to assume that the whole of the drug 
that disappears without bemg destroyed by the ferment action neces- 
sarily takes part m producmg the specific action of the drug A fixation 
or adsorption of pilocarpme and other drugs by serum and other tissues 
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on wkidi tlie drugs exert no specific action lias been described (Storm 
van Leeuven{5), BentneT(8)) 

Tbe figures given m my previous paper for tbe ma ximum amount 
of drug that can possibly react vntb the tissues to produce the specific 
action^of the drug are therefore too high, and there is a considerable 
probabihty that the true figures are very much smaller 

Raie of reaction and wash out of acetyl choline Experiments uith 
isolated strips upon vhich a jet of solution vras played made it possible 
to measure approximately the rate of reaction and the rate of irash 
out of the dn^ The foUorang figures vere obtamed 

Molar concentration acetrl cholme 10~* 10~ 

Time of half action 1^4' 2 O' 3Ji 

, full action 4' 6* 9' 

„ half -srash ont 3* <3' — 

These figures shoir that the combmation befrsreen acetyl cholme and 
the tissues occurs very rapidly and that the drug can be removed 
equally rapidly by uashmg out 

If the jet of acetyl cholme solution be stopped, and the stnp is not 
•washed with Bmger, the heart recovers ornng to the destruction of the 
drug This recovery due to destruction of the drug is a much slower 
process than washmg out as is shown by the foUo-wmg figures 


Molar concentrations of acetrl cholme 

10-' 

10-» 

ia-‘ 

Itr* 

io-« 

Time for half recotcrr on washing ont 

— 

<3' 

S' 


24' 

Tune for half recoverv due to destine 

10' 

ir 

25' 

SO' 

117' 


tion of the dmg 


The rapiditr with which the action of acetyl choline is produced on 
mtroduction of the drug, and is removed b'C rraslung out, supports the 
view that the drug acts ou the surface of the cells 

Tolerance to acetyl cholme Straubp) found that when the heart of 
aplvsia was exposed to muscarme the drug was concentrated m the 
heart cells, and that the heart then became tolerant to the drug He 
showed a similar tolerance m the frog’s heart and conclnded that the 
action of the drug depended on the difference of concen'tra'tion •without 
and withm the cells Gasser and Dale(7) found that the rectus ab- 
dommib of the frog became insensitive to acetyl cbolme upon prolonged 
exposure to the drug 

I observed a partial recoverv of the frog’s heart after exposure to a 
constant concentration of acetyl cholme This effect is shown m Fig i, 
in this case the quantity of solution employed was too great for the 
destmchon of the drug by the heart to produce a significant alteration 
m the concentration The figure shows that the drug produces its 
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maxmram effect in from 15 to 30 seconds, and that this is followed by 
a partial recovery which is completed withm about 10 mmntes This 
effect is seen also m Fig 3, where there is 
a rapid imtial recovery due to tolerance, 
which IS followed by a slower contmuous 
recovery due to destruction of the drug 
Other experiments showed that this 
tolerance only produced a partial recovery, 
and that, when a heart was exposed to the 
drug for penods of some hours, no farther 
recovery occurred after the first ten mmutes, 
provided of course that effects due to de- 
struction of the drug were excluded 

It seems unlikely that this tolerance is 
due to storage of the drug m the heart, 
because, as has been previously mentioned, 
no such storage can be demonstrated, and 
moreover is very improbable, m view of 
the power of the heart to destroy the 
drug 

The full sensitivity of the heart to acetyl 

choline is recovered rapidly on washmg out, 

and experiments made with rapidly moving 

drums showed that after washmg out for ^ig 4 EesnoMe of isometno 

even 30 seconds the full sensitivity of the vontncle after mtroduotion of 
, -y rx. Ill 10 c c acetyl choline aolutiona 

iieart "was r6Stor6d Ifc appears UHlJKelj' of varying ooncentrations. 

that it should be possible to remove the Oi^ate and abscissa m m Fig 3 
^ 1 11 curves are marhea to show 

dmg from the interior of the cells at this the molar concentration of 
J acetyl choline 

Speed 

A partial recovery of activity on the part of tissues exposed to a 
constant concentration of dmg has been observed by tbe author m the 
case of other drugs actmg on the frog’s heart, and also has been 
descnbed as a feature of the action of adrenahne on a number of tissues 
Tbe phenomenon therefore is not pecohar to the case of acetyl cholme 
I am unable to explam this tolerance effect but my experiments make 
it improbable that it is due to the entrance of acetyl cholme mto the 
cells, as was suggested by Straub 

Another effect which I am imable to explam is that repeated apph- 
cations of aceiyl chohne sensitise the heart to the drug This action is 
shown by the foUowmg figures 
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Tfane since heart isolated 
V c. lednction -produced by 
10^ molar acetvl choline 


20* 35' 30' 

72 So 92 


35' ISC' 

94 94 


Hearts freshly isolated ivexe found to be less susceptible to acetyl 
chobne than hearts after a few hours’ isolation, but it was found very 
difficult to distinguish with certainty between effects due to prolonged 
isolation and those due to repeated application of the drug 

In practice errors due to these causes were avoided by always 
Ignoring the first few responses to acetyl chobne given by a heart 
X sunilar sensitisation of the heart after repeated administration of a 
drug, or after prolonged perfusion, occurs with other drugs and therefore 
this effect is not pecuhar to acetyl chobne 

Individual tarialions in sensitivity to acetyl choline The response of 
frogs’ hearts to acetyl chobne is characterised by a remarkable indi- 
vidual variation Experiments made upon 71 hearts gave the following 
results 

tasix rv 


3Iolar concentration of acetyl 3 x Krt® 
cholme needed to produce 
50 p c. redaction m response 
f(l) Immersed Ten 

Xumber of ' tncnlar strip 0 

hearts 1 (2) Isometnc 

I ventricle 2 


3x10-5 

3xi(r-« 

3x10-' 

3x10-* 

to 

to 

to 

to 

SxlO-* 

3x10-’ 

3xi(r-« 

3x10-* 

5 

00 

12 

9 

0 

2 

11 

7 


In the first senes the ventncular stnp was immersed m the fluid 
and hence, for reasons already mentioned, the drug produced a more 
powerful action with the second than with the fir^ method, but m 
both cases the figures show that the sensitivity of the hearts vanes 
over at least a thousandfold range of concentrations 

In addition to this type of vanation m sensitivity to acetyl chobne 
the hearts also vaned as regards the maximum effect that could be 
produced by the drug In all cases the relation between concentration 
and action resembled that shown m Pig 2 A concentration about one 
hundred times that needed to produce a 50 p c reduction produced an 
almost maximum action, and httle farther effect was produced however 
much further the concentration of the drug was raised The maximum 
reduction produced was m most cases more than 90 p c of the normal 
beat, but m a few cases lower figures were obtamed, and occasionally 
60 p c reduction was the maximum effect that could be produced, even 
when the concentration of the drug was mcreased to several thousand 
times that sufficient to produce a reduction of 50 p c 

I am unaware of any other case m which the natural susceptibihty 
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of a tissue to a drug shows a similar range of vanation As far as I 
could determine the sensitivity of the hearts were not influenced by 
the season or by the sex of the animal There are a large number of 
possible experimental errors that might cause apparent variation in 
susceptibihty, but great care was taken to exclude all possible errors 
and the vanation was found to contmue unaltered 

Discussion The experiments show that acetyl cholme is rapidly 
destroyed by the frog’s heart, and that this destruction must occur 
withm or on the surface of the cells, smce the ferment does not diffuse 
out mto flmd kept m the heart The relation between the destruction 
of acetyl cholme and its concentration follows the usual adsorption 
formula These facts suggest that the drug is adsorbed on the heart 
surface and there destroyed Experiments made to measure the amount 
of drug adsorbed by the heart failed to show any certam relation 
between the amount adsorbed and the amoimt destroyed, but these 
experiments were of necessity subject to large experimental errors 
My expenments suggest that at least two mdependent processes 
occur when acetyl chohne is brought m contact with tissues firstly, an 
adsorption and destruction of the drug by the tissues, and secondly, a 
reaction between the drug and certam specific receptors The latter 
process which produces the specific action is probably a reaction with 
receptors on the surface of the cells The fact that fixation of a drug 
by cells can proceed mdependently of its specific action was shown by 
Cook(8) m the case of methylene blue actmg on the frog’s heart 

The action appears to be completely reversible smce a similar effect 
can be produced and removed by washmg out a hundred or more times 
on the same heart Nevertheless, a certam amount of irreversible change 
occurs for the heart’s sensitivity is permanently mcreased by the first 
few apphcations of the drug On the other hand, when the heart is left 
m contact with the drug it establishes a certam degree of tolerance 
because the imtial effect produced decreases after a few minutes These 
facts mdicate that the factors influencing the response of the heart to 
acetyl cholme must be complex 

The curve relatmg the action of acetyl cholme with the concentra- 
tion of the drug can be explamed most simply on the assumption that a 
freely reversible monomolecular reaction occurs between the drug and 
a hunted number of receptors of uniform sensitivity 

6addum(9) foimd that the relation between the concentration of 
adrenalme and its action on the rabbit’s isolated uterus followed a curve 
sinular to the one shown m Fig 2, and suggested that the relation might 
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be due to a frequency effect The relation cannot be explained simply 
in such a manner, but it can be interpreted on these bnes by assuming 
that the drug acts on a population of receptors that vary in sensitmty, 
and that this vanation is ol an extreme “shevr” type such that the 
distribution of receptors plotted against the loganthm of their sensitmty 
to the drug gives a distnbution cun e of the usual type This hypothesis 
IS mentioned because it ivould accord mth the remarkable vanation in 
the response of individual frogs to acetyl choline shown in Table R’’ 

Section II The influence of ions on the action 

OF ACETVL CHOLINE 

It is well known that the actions both of para sympathetico-mimetic 
and of sympathetico-mimetic drugs are influenced by the lomc concen- 
tration of the mflieu of the tissue upon which they act This fact, coupled 
with the resemblance between the effects of vagal stimulation and of 
excess of potassium, has led to numerous speculations relatmg vagal 
action with the action of ions 

Unfortunately the evidence regatdmg the influence of ions on i agal 
action m the frog is conflictmg Some of this confusion may be due to 
the fact that, as shown by Ten Cate(iO), the effects produced by the 
sympathetic and the vagus on the frequency of the frog’s heart are not 
mfluenced by lomc changes m the sam« way as are the effects on the 
force of contraction of the heart In this paper only effects upon the 
force of contraction will be considered 

There is a fairly good agreement that the vagus is paralysed by 
complete lack of potassium (Ten Catepo)), and by complete lack of 
calcium (Ten CatepO), Busquet and Pachon(U), Hagan and 
OrmondPT)), although BrinepS) demes this latter effect Such a 
paralysis does not denote any specific action of these ions on the vagus 
because lomc changes of this extent also paralyse other nerve endings 
The chief evidence regardmg the effect of shghter changes m lomc 
concentrations is as follows 

Loewipi) and Kolm and Pickpt) state that the vagal excitabihty 
IS mcreased when the calcium concentration is diminished but Asherps) 
considers the evidence on this pomt to be doubtfuL 

Ten Catepo) found that excess of calcium antagonised the action 
of the vagus, although Howellpi), Loewipi) and Corips) found that 
this lomc change produced no certam action Zwaardemaker and 
Lelyps), Asherpo) and Ten Cate(2i) ah agree that lack of potassium 
first augments and finally abolishes the action of the vagus Excess of 
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of a tissue to a drug shows a similar range of vanation As far as I 
could determine the sensitivity of the hearts were not influenced by 
the season or by the sex of the animal There are a large number of 
possible experimental errors that might cause apparent variation m 
susceptibflity, but great care was taken to exclude all possible errors 
and the vanation was found to contmue unaltered 

Discussion The experiments show that acetyl chohne is rapidly 
destroyed by the frog’s heart, and that this destruction must occur 
within or on the surface of the cells, since the ferment does not diffuse 
out mto flmd kept m the heart The relation between the destruction 
of acetyl chohne and its concentration follows the usual adsorption 
formula These facts suggest that the drug is adsorbed on the heart 
surface and there destroyed Experiments made to measure the amount 
of drug adsorbed by the heart failed to show any certam relation 
between the amount adsorbed and the amount destroyed, but these 
experiments were of necessity subject to large experimental errors 

My experiments suggest that at least two mdependent processes 
occur when acetyl chohne is brought m contact with tissues firstly, an 
adsorption and destruction of the drug by the tissues, and secondly, a 
reaction between the drug and certam specific receptors The latter 
process which produces the specific action is probably a reaction with 
receptors on the surface of the cells The fact that fixation of a drug 
by cells can proceed mdependently of its specific action was shown by 
Cook(8) m the case of methylene blue acting on the frog’s heart 

The action appears to be completely reversible smce a similar effect 
can be produced and removed by washing out a hundred or more times 
on the same heart Nevertheless, a certam amount of irreversible change 
occurs for the heart’s sensitivity is permanently mcreased by the first 
few apphcations of the drug On the other hand, when the heart is left 
m contact with the drug it establishes a certam degree of tolerance 
because the mitial effect produced decreases after a few nunutes These 
facts mdicate that the factors influencing the response of the heart to 
acetyl chohne must be complex 

The curve relating the action of acetyl chohne with the concentra- 
tion of the drug can be explamed most simply on the assumption that a 
freely reversible monomolecular reaction occurs between the drug and 
a hmited number of receptors of uniform sensitivity 

Gaddum(9) found that the relation between the concentration of 
adrenaline and its action on the rabbit’s isolated uterus followed a curve 
similar to the one shown m Fig 2, and suggested that the relation might 
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to ^asii a^ 7 ay lapidly from the cell surfaces any carbon dioade that^as 
formed Emger’s flmd vnth a phosphate buffer rras used for neutral or 
acad fluids and borate -was used as the buffer for a&ahne fiuid. 

Calcium concentration and action of acetyl choline Variations in 
calcium concentration affect the force of contraction of the frog s heart 
profoundly and this effect is even more apparent mth isometnc than 
with isotomc records The normal Ringer contamed one mdhmolar 
calcium, and redaction of this to one-qnarter reduced the response 
about 90 p c , whilst mctease to two miDunolar about doubled tbe force 
of contraction, further mcrease m calcium conceutration produced httle 
farther mcrease m the force of contraction. 

Table V shows that mcrease of the calcium content of the Rmger 
above normal reduces the sensitivity of the heart to acetyl cholme, hut 
that reduction of the calcium content below normal does not alter this 
sensitivity The response of the heart when the calcinm content was 
below 0 o miUimoIar was so feeble that it was not possible to measure 
accurately the effect produced by acetyl chohne, hut no stnlang change 
m sensiti-vity was noted under these conditions 

TabueV 

llolar calciojn content x 10» 0-5 12 4 

3toIarconc.o£acctvIchokne>: 10* reqtored to produce 1(1) S S — * 40 

50 p c. redaction m response of frog’s reatncle ((2) 25 2 5 0-4 — 


Althoitgh alterations m the calcuun content produced considerable 
alterations m the sensitivity of the heart to acetyl chohne yet the re- 
lation between the concentration of acetyl cholme and the action pro- 
duced always followed the formula given with Fig 2 and the effect of 
changes m calcium concentration was simply to alter the constant E 
The antagonism between acelyl cholme and calcium excess is in 
accordance with most of the observations made regarding the effect of 
this ionic change upon the action of vago-nmnetic drugs 


’Lsble VI 

Molar cone KCl x 10* 0 5 1 0 “>■ 

Isometnc response as p c. of normal ISS 160 100 


4-0 8 0 

77 36 


12 0 
0 


Influence of polassivm on the action of acetyl chohne The normal 
Rmger contained two nulhmolar potassium, and the effect of changes 
m this conceutration are shonn m Table TI These results agree fairly 
well with figures that the wnter previously has ohtamed -with the 
ventncular stop rnethodm Tbe effects produced by chauges m the 
potassium concentration on the response of the heart to acetyl cholme 
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potassium Las a doubtful action Ten Catepo, 22 j and Burridge(23) 
state that it duninisbes the vagal action, but some of Ten Cate’s 
figurespo) suggest the reverse effect Eeduction m tbe sodium cblonde 
content paralyses tbe vagus (Witanowski(24)) Finally, Andrus ( 25 ) 
found that vagal stimulation produced a greater action on tbe tortoise 
heart m neutral than in alkalme (pH 8 0) Einger 

Tbe evidence is equally imcertam regarding tbe influence of lomc 
changes on tbe action of vago-mimetic drugs 

Excess of calcium antagonises muscarme on tbe frog’s heart 
(Zondek(2T), Loewi and Iscbisakafss)), although Loewi(i4) bad 
previously demed this, and Boucbaert(2fl) found that it did not affect 
tbe action of pilocarpme Excess of calcium also antagonises acetyl 
cbobne (Kolm and Pick(i5) on frog’s heart, Voss(29) on frog’s vessels ) 
Boucbaert( 26 ) found that lack of potassium inhibited the action of 
pilocarpme on the frog’s heart, and Voss (29) found that excess of 
potassium augmented the action of this drug on frog’s vessels 

Witanow8ki(24) found that reduction m sodium chloride sbghtly 
reduced the action of acetyl cholme on the frog’s heart 

An dr us (25) found that acetyl choline produced a greater action on 
the rabbit’s auncle at a pH of 7 0 than at a pH of 8 0 The author (i) 
stated that the effect of acetyl choline on the frog’s heart was unaltered 
by changes m the reaction, butjthis conclusion, I have smce discovered, 
was due to a technical error, for the expenmental method did not 
ensure that the heart cells were bathed sufficiently thoroughly with 
fluid to demonstrate properly the eflfects of changes m reaction 

Voss (29) found that acetyl choline acted more powerfully on the 
frog’s heart m alkahne solutions than m neutral solutions 

This summary of results shows the vanety of opinions that exist 
regarding the influence of ions on the action of the vagus and of vago- 
mimetic drugs Part of the confusion is due to the fact that the vagus, 
hke other nerves, is paralysed by a large excess of potassium or by 
complete lack of calcium The effects of such extensive changes cannot 
therefore be compared with the effects of moderate changes m lomc 
content Even allowmg for this fact the evidence is too conflictmg to 
provide any certam conclusions 

Expenmental methods The methods described pre4uously m this 
paper were used In most cases the effects of changes m ionic content 
were deternnned on the isometric ventricle of the frog, using 10 c c of 
flmd Ventricular strips imgated with jets of fluid were used to deter- 
mine the effect of change of reaction, since m this case it was important 
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to ’(vash avray rapidly from tte cell surfaces any carbon dioxide that was 
formed Emger’s dmd mtb a phosphate buffer was used for neutral or 
acid fluids, and borate was used as the buSer for alkaline fluid 

Calcium concentration and action of acetyl chohne Yanataons m 
calcium concentration affect the force of contraction of the frog s heart 
profoundly and this effect is even more apparent with isometnc than 
with isotomc records The normal Rmger contamed one miUimolar 
calcium, and reduction of this to one-quarter reduced the response 
about 90 p c , whilst mcrease to two miUrmolar about doubled the force 
of contraction, further mcrease m calcium concentration produced httle 
further mcrease m the force of contractiom 

Table Y shows that mcrease of the calcium content of the Rmger 
above normal reduces the sensitivity of the heart to acetyl cholme, but 
that reduction of the calcium content below normal does not alter this 
sensitivity The response of the heart when the calcium content was 
below 0 5 imlhmolar was so feeble that it was not possible to measure 
accurately the effect produced by acetyl chohne, but no striking change 
m sensitivity was noted under these conditions 

Tabix V 

Molar calamn content x 10* 0-5 12 4 

Molar conn, of acetvl cholme X 10* required to prodnce ((1) 8 8 — 40 

SO p c. redaction m lesponae of frog’s ventncle 1(2) 2 5 2 5 6-4 — 


Althor^h alterations m the calcium content produced considerable 
alterations m the sensitivity of the heart to acetyl cholme, yet the re- 
lation between the concentration of acetyl cholme and the action pro- 
dnced always followed the formnla given with Fig 2 and the effect of 
changes m calcium concentration was simply to alter the constant E 
The antagomsm between acetyl chohne and calcmm excess is m 
accordance with most of the observations made regarding the effect of 
this lomc change upon the action of vago-mimetic drugs 


Tabix TI 

Molar cone KCl xlQa q 5 jq oq 

Isometnc response as p c. of normal 188 150 100 


4 0 8-0 

77 38 


120 

6 


Influence of potassium on the action of acetyl chohne The normal 
Rmger contamed two milhmolar potassium, and the effect of changes 
m concentration are shown m Table YI These results agree fairly 
weU with figures that the wnter previously has obtamed with the 
lentncular stop method (30) The effects produced by changes m the 
potassium concentration on the response of the heart to acetyl cholme 
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are shown in Table VII This shoirs that reduction in the potassium 
concentration increased the sensitivity of the heart to acetyl chohne 
w hils t increase in the potassnim concentration decreased this sensitivity 

Table TO 

Molar content of potassium x 10’ 06 10 20 40 

Molar cone of acetyl oholme ( X 10’) which 13 5 8 

prodneed 60 p c reduetion in response 

Increase m the potassium chlonde content above 0 004 molar pro- 
duced so great a reduction in the force of contraction that it was difficult 
to measure the effect of acetyl chohne, but no stnlong change m sensi- 
tivity to acetyl chohne was observed with these higher concentrations 
of potassium The fact that decrease in potassium increases the action 
of acetyl chohne accords with the results of vanous workers who have 
shown that this change mcreases the sensitivity of the frog’s heart to 
vagal stimulation 

Tlie influence of reaction on the response to acetyl choline Changes m 
hydrogen ion concentration produced a very marked effect on the iso- 
metne response of the whole ventncle The carbon diosade produced 
by the heart cells was a possible source of error smee it tended to alter 
the reaction of the flmd m contact with the cells, therefore experiments 
were also made with ventricular stops imgated with a jet of flmd The 
two types of expenments gave concordant results and typical figures 
are shown m Table Vill 

Table VUI 

Hydrogen ion concentration x 10’ 01 10 6 30 00 300 600 

Isometno response in cm. water 10 60 40 28 19 10 2 

Experiments both with the stop method and with the whole ventncle 
showed that decrease m the hydrogen ion concentration antagonised 
the action of acetyl chohne Typical results are shown m Table IX 

Table IS. 

Hydrogen ion concentration 10~’ 1 0 x 10~* 10”* 

Molar concentration of acetyl ohobne 2 3 2 8 

X 10’ produemg 60 p c inhibition 

Accurate results could not be obtamed with solutions with a cH 
above 10“'^ because the heart beat feebly m such solutions, but the 
expenments showed that acidify did not alter the action of acetyl 
chohne to any staking extent 

These residts confirm the conclusions of AndrusPS) (acetyl chohne 
on rabbit’s auricle) but are opposed to those of Voss (29) (acetyl chohne 
on frog’s heart) 
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Tlie figures given above do not sbow adequately tbe full changes 
produced by alkalinity on tbe response to acetyl cbolme Not only does 
tbe heart become less sensitive as measured by tbe concentration needed 
to produce 50 p c of maximum inhibition, but also tbe mnyrmrim in- 
hibition that can be produced by acetyl cbolme is reduced 

This difierence is sbonm clearly m Fig 5, vbicb sboivs that when 
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av;uDn oi acetyl chobne 

Ordinate and abscissa as m Fig 2 

The crosses show the figures obserred wl,.lc+ fi. 
following formulae, (x and y as in Fig 2.) ^ 

Corre L Phosphate buffer pH— 7 7 Vo™ i i V 

erpu_io Formula 1 X=^ (1=40 000.000) 

Curve n Borate buffer pH— R. f) Vo™ i , V 

unerpU_9-0 Formula / (1=20.000 000) 

the heart was perfused with Rmeer mlT 7 n +i, 

duced bv acetyl cholme was a tpL t maximum efiect pro- 
that when the pH was 9 o acetvl ™ response, but 
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Figures from other experiments shoiviiig the same effect are suven 
m Table X ® 

Table X 

Hydrogen ion 
concentration 
10-' to 3 X 10-* 

J 6 X I0-» to 6 X 10-* 
lO-* 

Increased alkalinity therefore makes a certam proportion of the 
heart cells completely immime to acetyl chohne 

Discussion My results show that the mtensity of action of acetyl 
chohne on the frog’s heart is mcreased by reduction in the potassium 
content, and that it is reduced by increased potassium or calcium 
content or by mcreased alkahmty As far as could be ascertamed no 
marked effect was produced by decrease of calcium or by mcreased acidity 
Smce acetyl chohne is destroyed by the frog’s heart, experiments 
were made to determine whether lomc changes altered the rate of 
destruction of the drug, smce such alterations would be a possible cause 
for changes m the sensitivity of the heart to the drug These expen- 
ments however all gave negative results 

The effects produced by lomc changes on the action of acetyl chohne 
are of course of particular mterest if we accept the hypothesis of 
Loewi(2) that stimulation of the vagus causes the release of acetyl 
chohne, smce m this case the changes observed m the action of acetyl 
chohne should throw light on the relation between vagal action and 
the action of ions The antagonism of acetyl chohne by excess of 
calcium and by mcreased alkahmty is m accordance with the majonty 
of observations regardmg the effect of these changes on vagal action 
These effects are moreover such as would be anticipated because excess 
calcium and mcreased alkahmty produce effects on the frog’s heart 
almost exactly the opposite of those produced by either acetyl chohne 
or by vagal stimulation The effects produced by alterations in the 
potassium content on the action of acetyl chohne are much more difficult 
to understand 

Dimmution of potassium concentration defimtely mcreased the action 
of acetyl chohne, and several observers have shown that this lomc 
change also mcreases the action of the vagus Increase m potassium 
content antagonised the action of acetyl chohne, but the endence re 
gardmg the influence of this change on the vagus is mdecisive 
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Ttese e£ectE are tlie opposite of those that might have been antia- 
pated- In the first place excess of potassinm depresses the contractflity 
of the heart m a manner Terr suniiar to vagal stimnlation, -whilst lack 
of potassium produces a sv^ohc eSect somewhat r^emblmg srmpa- 
thetio stmmlation. In the second place calcmm and potassmm are 
supposed to he antagonists and yet variations in these two ions produce 
a oTrnnnT eSect on the response to acetyl cholme or to vagal stunulation. 
Calcmm and potassmm are therefore not antagonists as regards their 
efiects on the response of the heart to acetyl cholme. Other evidence is 
available shovnng that calcmm is an imperfect antagonist of potassmm 
For example, calcmm lack and potassmm excess produce dtfierent 
chansES m the dectncai response of the frog’s heart (D a 1 v and Cla r k(3l)) 
and on conduction m the tortoise aunde (Seliskar(S)) Moreover 
chanaes m the content of one ion can only he antagonised as regards 
there action on contractihtv over a fairly small range of concentrations 
{ClarkC’*)) 

The efiects produced bv lomc changes on the response of the heart 
to acetyl cholme and to vagal stimulation can be explamed on the 
hvpothesis that thee latter actions are dependent upon the perfusion 
out from the heart of porassmm. Howell and Duke(33) showed that 
vagal stimulation hherated potassium from the mauunnhau heart This 
■was demed bv HemmeterfSi) who worked -with dasmobianch hearts, 
but was confirmed bv AsherP’’) who used the frog’s heart. 

The passage out of potassium from the heart ^ould be antagonised 
bv excess of potassium m the Rmger and should be favoured by lack of 
potassmm The writer P5) has shown that perfusion of the frog’s heart 
with potasram free Rmger results in a loss of potassium from the cdls 

On the other hand, this loss of potassinm would be antagonised bv 
anv change that made the cell wall less permeable, and excess of calcmm 
and increased alkalmity are beheved to produce this eSect Hence this 
hvpoihesis would explam whv the two last mentioned lomc changes 
antagonist acetvl cholme Unfortunately this hypothesis is very dificult 
to reconcile with ihe mndamental fact that lack of calcmm, excess of 
poiassi-Qm and acetvl cholme all produce a very simnar depression of 
the contractihtv of the frog s heart 

^ Mv experiments suppon Ten Cate’sdO) conclusion that the action 
Ol the vagus or of vago-mimetic drugs cannot be identified with the 
acnon of potassium m auv simple manner, but that nevertheless there 
apo^ars to he some special connection between vagal action and the 
distnbntion of potasaum m the heart cells and m the surrounding fimds 

10—2 
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CONOLVSIONS 
Part I 

1 The relation between the concentration of acetyl chohne and its 
action on the frog’s heart has been tested with a vanety of expen- 
mental methods and m all cases the same relation has been foimd as 
was descnbed m a former paper 

2 The destruction of acetyl chohne by the frog’s heart resembles 
a ferment action and the relation between the amount destroyed m unit 
time by imit weight of tissue (a;) and the concentration (c), over a range 
of concentrations from 10“® to 10-^ molar, is given by the formula 
Z cl/" = a: (Z = 7 X 10"^ and n = 1 2) 

3 Acetyl chohne combmes with or can be washed out of the heart 
in a few seconds, and the rate of action and rate of wash-out are of a 
similar order 

4 The presence of acetyl chohne cannot be demonstrated within 
heart cells after prolonged exposure to the drug 

6 The amount of acetyl chohne that produces the specific action of 
the drug is probably considerably smaller than the maximum amounts 
previously calculated 

6 The individual susceptibihty of frogs’ hearts to acetyl chohne 
vanes over a remarkably wide range 

Part II 

The action of acetyl chohne on the frog’s heart is modified by 
changes m the ionic content of the Rmger’s solution 

The chief changes produced are as follows 

The action of acetyl chohne is reduced by mcreased calcium or 
potassium content or by increased alkahmty 

'The action of acetyl chohne is mcreased by decreased potassium 
content 

The eipensea of thi3 investigation wore m part defrayed by a grant from the Govern 
ment Grants Committee of the Hoyal Society 
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Conclusions 
Part I 

1 The relation between the concentration of acetyl choline and its 
action on the frog’s heart has been tested with a variety of experi- 
mental methods and in all cases the same relation has been found as 
was descnbed m a former paper 

2 The destruction of acetyl cholme by the frog’s heart resembles 
a ferment action and the relation between the amount destroyed m unit 
time by umt weight of tissue (x) and the concentration (c), over a range 
of concentrations from 10"® to 10"® molar, is given by the formula 
E c^/" = 35 (E = 7 X 10"® and n = 1 2) 

3 Acetyl choline combmes with or can be washed out of the heart 
in a few seconds, and the rate of action and rate of wash-out are of a 
similar order 

4 The presence of acetyl cholme cannot be demonstrated withm 
heart cells after prolonged exposure to the drug 

6 The amount of acetyl cholme that produces the specific action of 
the drug is probably considerably smaller than the maximum amounts 
previously calculated 

6 The mdividual susceptibility of frogs’ hearts to acetyl cholme 
varies over a remarkably wide range 

Part 11 

The action of acetyl chohne on the frog’s heart is modified by 
changes m the lomo content of the Emger’s solution 

The chief changes produced are as follows 

The action of acetyl chohne is reduced by mcreased calcium or 
potassium content or by mcreased alkalimty 

The action of acetyl cholme is mcreased by decreased potassiuni 
content 

The c.:cpenses of this investigation were in part defraved bv a grant from the Govern 
ment Grants Committee of the Koval Societv 
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FURTHER OBSERVATIONS ON THE REACTION OF 
SMOOTH MUSCLE TO THE H-ION CONCENTRATION 

By B A MoSWINEY and W H NEWTON 


{From the Department of Physiology, University of Manchester ) 


In a prcYiouB paper (i) the effect of changes of pK upon smooth muscle 
capable of sustamed variation m length was descnbed and the length of 
the muscle was shown to be dependent on the p'R of the surroundmg 
fluid for any given period Differences m direction and sensitivity of the 
response at difierent ranges of the pR scale were also demonstrated 
In this paper experiments are descnbed which deal with the effects of 
similar changes of pR on stnps of smooth muscle which normally 
exhibit rhythimc activity with httle or no tonus mechanism 

Earndon(2) m 1908 stated that with the mammahan uterus pre- 
paration alkah augmented tonus with diminution of spontaneous con- 
tractions and death m contraction Acid on the contrary lowered the 
tone of the muscle, with dimmution of spontaneous contractions, sudden 
strong acidity causing death m forcible contraction Young(3), m 1914, 
found that HCl up to 0 006 p c caused relaxation of the muscle of the 
small mtestme as did also COj, but as phosphates were present m the 
solution It IS difficult to calculate the pR correspondmg to the strength 
of the solution. 06pc HCl was found to abolish all movements 
B otazzi (4) m 1916 stated that the tone of isolated mtestme was mcreased 
by all alkabes and diminished with acid Evans and Underhill(5), 
m 1923, showed that the effect of a small mcrease m the pR was to aug- 
ment the frequency of contractions while a decrease m the pR caused a 


dunmution m the rate , , , , j 

Method Stnps of muscle mainly from the region of the pylorus and 

lower body of the cat’s stomach were used m these expenments The 
remons proximal to the antrum, while exhibitmg rhythmic movement wwe 
alTo capable of permanent change m length, and were therefore notable 
for a Xidy of effects dealmg primarily with alteration of rhytlm The 
stops of muscle were suspended m Rmger-Tyrode solution m the glass 
muscle chamber Phosphates were onutted, as m previous experiments. 
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to obviate precipitatioii in alkaline solution and also to have sodium 
bicarbonate as the sole buffer To control the pH. of the solution, Og and 
CO 2 -were bubbled m by the methods previously described Eor large 
alterations of pH sodium hydroxide and hydrochloric acid were used 
The temperature of the fluid was controlled at 37° C by a thermostat 
Experimental results The effect of a moderate fall m pH was to cause 
a decrease m the frec^uency of the spontaneous contractions of the muscle 
from the pylonc antrum with no observable change of the base Ime 
(Tig 1) Occasionally this result was accompamed by a dimmution m 
height of the contractions, often, however, the contractions showed a 
prebinmary mcrease m size which was, m many experiments, sustamed 
A greater decrease m the pH caused a cessation of the rhythmic con- 
tractions and the tracing became a straight tme 



Fig I Antrum of cat, Tracmg to ehow decrease of rate of contractions on 
decrease of pH with onset of spasm Time tracmg, one mmnte 


A moderate mcrease in pH caused acceleration of the contractions 
which w«e often mcreased m height H the pH of the solution was raised 
above pH 8 the amphtude of the movements tended to become smaller 
though the rate of contractions showed a further mcrease No alteration 
m the base hue was observed throughout this range 

In most experiments an mterestmg type of contraction was observed 
when the rhythm of movement was depressed by mcreasmg the acidity 
Two or more contractions became grouped together, the lever maki^ 
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/iix mcomplofco return to the base Imo between j)bnses The groups ot 
tontrnctiouB bcourred quite regularly and, in trnoings taken from pre 
jmrations of antrum, replaced the single contractions This spasm eliccfc 
18 seen m Fig 1, being initiated ns the pH is lowered In Fig 2 tbe effect 
may also be observed passing off ns the pH is raised Spasm usunll} 
occurred in tlic region of pH 7 1 



lip 2 Circular projmmtiou of onl'a nntniiii 'J niomp to ahow niipmoutation of mto of 
contractions uitJi disapjwnmnoo of 8]wsni on inorcawo of pll Tinw tmolnp, otio nunutc 

In regions of the stomach other than the antrum, rff lower hod), 
similar effects were obsericd m the mam, but the results were compli 
ontedby the simultaneous occurrence of tonic changes, accompanied b} 
irregularities lu the contractions similar to those described iii our last 
jinpor Almost invariably a decrease m frequency w ns ncconqiaiiicd by an 
increase m aiuphtiido and vice \or8n The final abolition of contractions, 
by increase m aciditj, was jireceded b) spasm, but like the contractions 
themselves, this stage was more irregular than that seen in the ant nun 
(Figs 3 and A) An initial spasm was often seen on lowering the ^dl and 
once or twice violent spasm occurred for no apparent reason It may bo 
recalled that, in the fundic region of the greafor curvature of the cat, a 
peculiar tonus effect was observed on low enng the 7 ) 11 , a cycle of rcla \a( ion 
and contraction preceding the mam rchi\ation In the jiresont senes of 
cxperimcnte the base line, instead of falling when the pH was diininishod, 
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Fi^ 3 Preparation of slmg of cat, Tiaong to ehov effect on tlie length of the mnscle 
and rate of contractions of alterations of pH, lime tracing one minute. 






Fg 4 Upper bodr of cat Tracing to show onset and disappearance of spasm. 
Time tracing, one minute. 
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/in. incomplete return to the base Ime beWeen phases The groups of 
bontractions occurred quite regularly and, m tracmgs taken from pre- 
parations of antrum, replaced the smgle contractions This spasm efiect 
IS seen m Pig 1 , being initiated as the pE is lowered In Pig 2 the effect 
may also be observed passmg off as the joH is raised Spasm usually 
occurred m the region of pE 7 1 



Fig 2 Circular preparation of cat’s antrum Tracmg to show augmentation of rate of 
contractions with disappearance of spasm on mcrease of pH. Tune tracing one mmute 

In regions of the stomach other than the antrum, eg lower body, 
similar effects were observed m the mam, but the results were compb- 
cated-by the simultaneous occurrence of tome changes, accompamed b} 
irreimlarities m the contractions similar to those described m our last 

O 

paper Almost mvanably a decrease m frequency was accompanied by an 
mcrease m amphtude and 'suce versa The final abobtion of contractions, 
by mcrease m acidity, was preceded by spasm, but hke the contractions 
themselves, this stage was more irregular than that seen in the antrum 
(Figs 3 and 4) An mitial spasm was often seen on lowering the pH and 
once or twice violent spasm occurred for no apparent reason It may be 
recalled that, m the fundic region of the greater curvature of the cat, a 
pecubar tonus effect was observed on lowermg thepH, a cycle of relaxation 
and contraction precedmg the mam relaxation In the present senes of 
experiments the base hue, instead of fallmg when the pH was diminished. 






Fiz 3 Preparabou of slmr of cab Tracmc to diow effect on the length of the muscle 
and rate of contractions of altf^iafaons of pH. Time tracmg one mmute. 



bodr of cat, Tracmc to show on^et and disapp»*arance of spasm- 
Time tracmc one mmote. 
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;ap, incomplete return to the base Ime between phases The groups of 
Contractions occurred qmte regularly and, m tracmgs taken from pre- 
parations of antrum, replaced the smgle contractions This spasm effect 
IS seen m Fig 1, being imtiated as the pH is lowered In Fig 2 the effect 
may also be observed passmg off as the pH is raised Spasm usually 
occurred m the region of pH 7 1 



Fig 2 Circular preparation of cat 8 antrum. Tracing to show augmentation of rate of 
contractions with disappearance of spasm on increase of pH. Time tracing, one mmute 


In regions of the stomach other than the antrum, e g lower body, 
simil ar effects were observed m the mam, but the results were comph- 
cated-by the simultaneous occurrence of tome changes, accompamed by 
irregularities m the contractions similar to those desenbed m our last 
paper Almost mvanably a decrease m frequency was accompamed by an 
mcrease m amphtude and vice versa The final abohtion of contractions, 
by mcrease m acidity, was preceded by spasm, but like the contractions 
themselves, this stage was more irregular than that seen in the antrum 
(Figs 3 and 4) An mitial spasm was often seen on lowermg the pH and 
once or twice violent spasm occurred for no apparent reason It may be 
recalled that, m the fundic region of the greater curvature of the cat, a 
pecuhar tonus effect was observed on lowenng the pH, a cycle of relaxation 
and contraction precedmg the mam relaxation In the present senes of 
experiments the base Ime, instead of fallmg when the pH was dunimshed. 






Fi^ 3 Prcparataou of sUng of cat. Tracing to slioTr effect on the length of the muBcle 
and rate of contractions of alterations of Tune tracing, one minute. 



Fig 4 Upper body of cat Tracin'; to show onset and disappearance of spasm. 
Time tiacmg, one minute. 
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rose steadily and fairly rapidly for five or six minutes, vrlule the rate of 
contractions was well maintamed After this mitial effect the base line 
began to fall in the usual way, the frequency of contractions becoming 
much diminished with an accompanying mcrease in the amphtude 
In the descnption of our experimental results we have sharply 
divided the antrum from the remamder of the stomach m order to 
separate the simple antral type of change from the more comphcated 
reactions of the proximal regions There is, however, a gradual transition 
from one part to another, as even from circular and longitudmal strips 
of the fundus, tracmgs have been obtamed which show a fair degree of 







H-IONS ON SMOOTH MUSCLE 


149 


regulanty m tlie rate and heiglit of contractions The general rule is that 
as the fundus is approached, the rhythm becomes gradually more irregular 
and the muscle fibres are more prone to alter m length as the is 
varied. This is accompamed by a greatly mcreased frequency of spon- 
taneous contractions, m contrast to the slow regular pulsations of the 
antrum. 

When the muscle has been stimulated by pilocarpme, the effects of 
pH changes npon the rhythm can still be superimposed Exammation of 
the tracmgs shows acceleration on decreasmg the acidity, retardation on 
mcreasmg the acidity, spasm and total cessation can also be observed 
The effects are, however, damped by the mitial treatment of the muscle 
and dehcate transition effects are difficult to obtain. 

The reaction of rhythmic strips of the antrum to large changes m 
pH are mterestmg As m previous experiments, the action of the strong 
acid was ascertamed by addmg to the 250 c c of Binger-Tyrode solution, 
which bathed the muscle, successive doses of 0 125 c c of 30 p c HCl 
The first addition of acid caused a complete cessation of all spontaneous 
contractions the second, a nse m the base hue the third, a further rise 
m the base hne while subsequent doses have no effect except possibly a 
fall of base hne 






160 B A McSWlNEY AND Tf H NEWTON 

In order to obtain any response of the tissue on addition of 
2bN NaOH, beyond an alteration in tbc rate of contractions, it was 
found necessary to cut o£E tbc stream of COj, to prci cut tlic formation 
of bicarbonate The solution Las, therefore, an imtial pH of 8 5-9 0, the 
oxygen bubbling being continued throughout the experiment In ex- 
periments in nhich the imtial value of the H-ion couceutratiou of the 
solution was regulated to a value of pH 7 5 by the use of COo, both gases 
bemg left bubbhng, the rh}i>hmic contractions were mereased in fre- 
quency, but the strip showed no alteration m length, evep when the 
total allmli in the solution equalled Nf^O 

li the bubbhng of COo w ns arrested the addition of 0 25 c c of 
2 6 NaOH, first stimulated then depressed the spontaneous con- 
tractions The stimulation was sufficiently great to imtinte contractions 
111 strips of qiuescent antral muscle (Fig C) A rise of base line accom- 
panied the rhythmic changes but was not marked until a concentration 
of i\7100 NaOH had been reached (Ice of 2 6 NaOH to 250 c c 
of solution) At this pomt, a marked sustamed contraction always 
occurred, usually -nith cessation of rhythmic contractions Further 
addition of alkah failed to bring about the end relaxation such as vas 
obtamed in the muscle of rabbit fundus 

Discussion , 

We are able to diaude smooth muscle mto three divisions according 
to its movements and tonus (1) muscle capable of only change in length; 
(2) muscle showing rhythmic actimty, (3) muscle capable of changes in 
length and rhythmic movement These three types of muscle can be 
demonstrated in the stomach 

In a preanous sot of experiments we showed that the first tjpe of 
muscle responded to changes of pH m a manner similar to the swelling 
of gelatine on changing the H-ioii concentrations In these experiments 
the effect of alterations of pH on the rhythmic t}q)e of smooth muscle has 
been observed We find that moderate decrease of pH decreases the rate 
and amphtudo of moa cment, but causes no change of base line Addition 
of strong acid ultimately brings about contraction of the muscle The 
response of the muscle to alterations of pH m the opposite direction arc 
similar, moderate increase causes increase m rate of contraction but no 
change of length, further addition of strong alkali, however, brings about 
a contraction of the muscle 

On decreasing the pH a grouping of contractions was frequently 
observed in the region of pH 7 1 We have termed the condition “spasm” 
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oTTuig to tlie similanty of tlie tracings to those obtained hy ilcCiea and 

McSvriney(6) These observers m recording the movements of thepylonc 

antrum on stimulation of the peripheral end of the vagus nerve found 
that “a strong stimulus may cause a sustamed contraction, the rhythmic 
movements mcreasmg m rate and starting above the base hue mdicating 
summation ” The tracmgs illustrating this statement are similar to those 
obtamed m these experiments It is of mterest that stimulation of the 
vagus with a strong current can brmg about a simi lar condition to that 
obtamed on alteration of the H-ion concentration 

The reaction of the antral muscle to changes m H-ion concentration 
may be summarised as (1) alterations of rhythm to moderate changes, 
(2) alteration m length to extreme changes If we compare these results 
with those obtamed on the fundus, we find that the sustamed contraction 
occurs on the acid side at the same pomt pH 5 9 and at a comparable 
pomt on the alkalme side 

Changes m length of the fundus muscle by small alterations m pH to 
either side of pH 7 a correspond to the alterations m frequency of con- 
tractions found m the tracmgs taken from stnps of the pylonc antrum 
The contractions obtamed by addition of strong acid and alkah appear 
to be similar m all types of tissue These findings are not m entire agree- 
ment with the results of Evans and Underhill who found that smooth 
muscle always relaxed on the addition of acid but m their experiments 
a muscle possessing considerable tonus was used which would correspond 
to a strip from the lower body of the stomach 

We do not wish to suggest that these results are anv mdication of a 
lactic acid mechanism m smooth muscle, as the response of the tissues 
under the conditions of experiments appears to us to be of the nature of 
a protem reaction, similar to the swelhng of gelatme, as we have pre- 
viously pomted out The variation of frequency to alteration m H-ion 
concentration occurs m exactly the same range as the reversible change 
m length recorded m tonus” muscle The concentrations at which the 
sustamed contraction takes place are also comparable The difierent type 
of response occumng m stnps of smooth muscle taken from difierent 
situations suggests that the tissues possess difierent bufienng properties 
and this property mav be related to function. The reaction of the fundic 
muscle (tonus muscle) to alterations m pH is a graded reaction through- 
out, while m pylorus muscle the comparable protem reaction is repre- 
sented bv the end contraction which occurs outside physiological hmits 
To test this hypothesis, the reaction was studied m other preparations 
whose structure contains, at the most, only a small amonnt of smooth 
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muBcle Tlie tracing in Fig 7 lUnstrates the effect of changes in H-ion 
concentration on a step of human skin In this tissue a reaction only 



Fig 7 Stnp of skm. Tracing to show effect on tissue of changes of pH. 

Tune tracing, one mmnte 

occurred with large changes of pH, the response was, however, similar 
in direction to the results obtained with steps of smooth muscle under 
similar conditions An attempt was made to demonstrate a pure protem 
effect on a step of gelatme suspended m cold solution (Fig 8) A change 
of length was obtamed on addition of strong acid and strong allcah as 
with skin, but the reaction was opposite m direction, relaxation on de- 
crease and contraction on mcrease of pH The change m length occurs 
at a H-ion concentration, at which, accordmg to Loeb(7), gelatme m- 
creases m volume The reaction maj be explamed on the suggestion that 
the increase m the size of the gelatme, under the conditions of tension, 
would be represented on the tracmg by an mcrease m length, whereas m 
the muscle pnsm, swelhng of the cell, resulting m an mcrease of pressure, 
would cause a bulgmg of the lateral wall and a shortemng of the whole 
element 

In view of the suggestion that the reaction of smooth muscle to 
alterations m H-ion concentration is of a protem nature, a recent paper 
by Gorter and Grendel(8) is of mterest These observers demonstrated 
the effect of H-ion concentration on the thickness of a protem film At 
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tte iso-electnc point and at a pH 1 or 2, a very thin film is obtamed, 
bnt at both sides of the iso-electoc pomt the thickness is far greater 



Fig 8 Stnp of gelatine. Tracing to show change of length on 
alteration of pH. Time tracing, one mmnte 

The thickness of these films is often abont three times greater than 
the monomolecular The curve showng the relation of the pH to the 
thickness of a casern film, is similar to the curve ive have previously 
published 

COXCLTJSIOXS 

1 The reaction of rhvthmic contractmg smooth muscle to changes 
m the H-ion concentration is analogous to the reaction of “tonus” 
muscle 

2 Alterations m frequencv of contractions, augmentation on m- 
creasing, and dimmution on decreasmg the H-ion concentration, ivithm 
narrow Imuts, are analogous to the changes m length observed m 

tonus muscle 

3 Sustamed contraction of both tvpes of muscle was observed with 
either a large mcrease or decrease of H-ion concentration at comparable 
points 
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4 A gronping of contractions (spasm) was observed on decreasmg 
the pS 

The expenses of this research have been defrayed, m part, by a grant from the Govern 
ment Grant Committee of the Royal Society 
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VASCULAR PROPERTIES OF TRAUMATISED 
AND LAKED BLOODS 

Br D B PHEMISTEB a^td J HAEDT 

(From tU Institute of Physiology, University College, London ) 

Atiemfis to demonstrate tlie presence of a vaso-dilator substance in 
the venous blood collected from the bmb during the penod of reactive 
hyperseima foUoiving obstruction of its circulation have led to obser- 
vations of vaso-dilator action of shed blood virhich form the basis for 
this report One of the most plausible theories for the explanation of 
reactive hyperamia, advanced by Anrepci) and supported by Lems 
and Grantp) and Goldblattp), is that a vaso-dilator metabohte is 
formed m the tissues of the hmb during the penod of vascular obstruc- 
tion, and that this causes relaxation of the capdlanes and artenoles 
Such a substance would, after release of the obstruction, be either 
destroyed in situ or earned away by the circulating blood. 

Dr G Y Anrep, at whose incentive the work was begun, suggested 
that circulation of the venous blood collected from the limb during the 
penod of reactive hypenemia might produce vaso-dilatation, and devised 
a vivi-perfusion apparatus for that purpose 

Desenphon of the apparatus The apparatus consists of a flask 
attached to a cannular system which can be inserted m the course of 
the mam artery of the bmb (Eig 1) By adjusting the T-bore tap (S) 
the blood may be sent directly from the pro xim al mto the distal hmb 
of the cannula or it may be diverted through the flask (F) passing in at 
one end and out at the other byway of the connectmg tubes (C and D) 
For purposes of fi l ling or emptying, the flask is provided with extra 
outlets at the top and bottom. Before emptying the flask the ontlet 
tube D IS obstructed by tummg its stopcock, or, in the absence of a 
stopcock, by the apphcation of a clamp A tube for registering the 
arterial pressure connects the distal limb of the cannnla with a mercury 
manometer The bore of the glass tuhmg leading to the flask is 4 mm 
and that of the glass cannulm which ate inserted in the artery is the 
largest that can be mtrodneed, averaging 2i mm. for the femoral artery 
of the dog Flasks varying m axe from 30 c c to 75 c c were used, 

VH LXIV 
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They were of Dewar construction in order to reduce the loss of heat 
from the blood. 

Dogs weighing preferably 10 to 16 kg 
were used, 03to06cc of 10 pc 
morphine acetate was given hypodenmc- 
ally in the early experiments anaesthesia 
was mduced by ether and continued 
by chloralose, 0 076 grm per kg body 
weight, given mtravenously T^uh fre- 
quently produced slow and deep respira- 
tions which disturbed the plethysmo- 
graphic tracmgs Urethane 0 3 grm per 
kg was then used m place of chloralose 
with improved results but respiratory 
difficulty was sometimes encountered 
FmaUy ether was given alone by means 
of an automatic inhalation apparatus and 
with its use the most uniformly satis- 
factory tracmgs were obtamed A 3- 
mch mcision with its middle pomt at 
Poupart’s hgament is made over the 
vessels of the left lower hmb The upper 
part of the femoral artery and the lower 
part of the ihac artery are exposed and 
aU of their branches hgatured and di- 
vided Thepentoneumisretracted upward 
and the posterior ihac artery hgatured 
The branches of the femoral vem are 
then tied ofi and severed The hmb is 
denervated by division between hgatures 
for heemostasis of the anterior crural and Fig l 
sciatic nerves and of the branches of the 

lumbar plexus along the ihac vessels 0 36 to 0 4 grm of hepann is then 
given mtravenously to prevent coagulation of the blood. A Y-cannula 
IS inserted mto the femoral vem and the cannulee of the vivi-perfusion 
apparatus mto the femoral artery (In later experiments where artenal 
blood only was used no cannula was put mto the vem ) The flask and 
T-bore stopcock are supported by clamps from a rmg stand Connections 
are then established for recordmg blood-pressures m the carotid artery and 
in the cannula of the femoral artery A 6-second tune marker is used 
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Anrep’s vivi perfusion 
apparatus. 
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A plethysmograpli is applied to the limb and filled with water at a 
temperatnie of 35° Electee light bulbs or heaters are apphed alongside 
the flask and plethysmograph to mamtain constant temperatures and 
the animal’s temperature is kept normal by the use of blankets and by 
the apphcation of heat externally when necessary 

Under favourable conditions the experiment thus set up may be 
earned on over a period of 4 to 6 hours before clottmg occurs or the 
vessels lose their power to respond. Altogether 92 experiments have 
been performed with this apparatus and its modifications, with varying 
degrees of success m 69 

Results of experiments. 

Obstructions of the artery were mterspersed with the vivi-perfusion 
experiments m order to test the hyperremia reactions (Eig 3 a) 

In general they were found to correspond with those reported by 
Goldblatt A 30 c c flask was used regularly, except when specified 
30 c c of blood were collected from the femoral vem immediately 
after the release of obstructions of the femoral artery varying from 
1 to 5 min utes m duration and transferred to the flask. It was circu- 
lated m the lunb 1 to 6 mmutes after recovery from the hyperffimia 
and regularly produced vaso-dilatation as evidenced by mcrease in hmb 
volume and decrease m hmb pressure lasting over a penod of 40 to 
60 seconds Samples of blood were then collected from the femoral vem 
after recovery of the hmb from the hyperjemis and from the jugular 
vem, transferred to the flask and circulated m the hmb They were 
found to produce as marked temporary mcrease m hmb volume and 
decrease m hmb pressure as did the blood collected from the femoral 
vem durmg the penod of hypeimima No special care was taken against 
traumatism of the blood during these experiments Artenal blood was 
stagnated m the flask for 1 to 10 mmutes by adjusting the T-bore 
tap and then circulated m the hmb (Fig 2 a) It normally produced 
no vaso-dilatation and when vaso-dilatation occurred it was less than 
that produced by the venous bloods 

It was then consideted probable that there is normally a metabohte 
m venous blood capable of producing vaso-dilatation when re-circulated 
Smee the most marked difference between artenal and venous bloods 
18 found m their gaseous contents, it was thought that decrease m oxygen 
might be responsible for the reactioiL Consequently the effects were 
determmed of both artenal and venous bloods whose gaseous contents 
were modified outside the body Blood was placed m tonometers which 

11—2 
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were then exhausted hy a suction pump for 10 to 15 nnnutes during 
shaking In some instances the blood was then exposed to varymg 



a be 

Fig 2, Exp 16 a Circulation of arterial blood stagnant in Bhort-circuited flask for 
4 minutes^ 6 Circulation of jugular vein mtbdraim under hood mthout shaking 
c Circulation of arfenal blood removed under hood without shaking 


tensions of CO, at 37° and atmosphenc pressure The CO, content of 
the blood was varied in these experiments from minimal values to the 
largest obtamable by this method Exhausted blood was also circulated 
In all cases, however, and qmte mdependently of all changes made in 
the blood gases either artenal or venous blood always gave a con- 
spicuous vaso-dilatation when circulated m the hmb 

Smee traumatism of the blood was a constant factor in all expen- 
ments m which the gaseous contents were modified, it was decided to 
test the influence of traumatism alone Artenal blood was withdrawn, 
shaken by hand for varymg lengths of time, returned to the flask and 
circulated It regularly produced % aso-dilatation (Fig 3 c), the degree 
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usoaUy varying directly ivitli the duration of the shaking up to a certain 
point shaking for 10 seconds caused a definite though small 



a b c 

Fig 3 Exp 15 a Reactive hyperamifl foUomug obstruction of femoral artery 
6 Circulation of blood from jugular vein shaken 1 minute c Circulation of 
blood from femoral artery shaken 1 minute 


reaction The reaction mcreased with prolongation of the period of 
shakmg up to 2 or 3 minutes, irhen a maximum efiect was pro- 
duced This corresponded roughly with the length of the obstruction 
necessary to produce the maximum hj^ersemic reaction m the same 
expenment Further traumatism for as long as 10 nunutes produced 
no additional efiect Shakmg with beads or with a funnel mverted in 
the beaker mto which the blood was withdrawn hastened the rapidity 
with which the vaso-dilator property developed Samples of venous 
blood were subjected to traumatisni and were found to produce the 
same reactions as similarly treated arterial blood (Fig 3 6) In contrast 
with these experiments it was found that when either arterial or venous 
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blood was -mthdrawii for a few mmutes and introduced into the flash 
with care and not traumatised while outside, it usually produced either 
shght or no vaso-dilator action when circulated m the hmb (Fig 2 b and c) 
In order to determme more accurately the influence of traumatism 
m the production of the vaso-dilatation, it was decided to traumatise 
the blood without removal from the flask A glass bead was inserted 
m the flask before the start of the experiment In the course of the 
experiment blood was trapped in the flask, the rubber tubes leadmg to 
the flask were clamped with a hsemostat and then detached from the 
cannulas The flask was then shaken for 1 to 6 mmutes and re- 
attached Circulation of the blood caused vaso-dilatation which vaned 
directly m degree with the amount of shakmg Circulation of blood in 
the flasks that had been detached for the same length of time and 
re-attached without shakmg caused either very slight or no vaso dila- 
tation This experiment proved that the vaso-dilator property may be 
acquired by traumatism without exposure of the blood to air This was 
further demonstrated when the blood was withdrawn from and returned 
to the flask under paraffin If shaken while outside, it caused vaso- 
dilatation when circulated but it had little or no dilator effect if it had 
not been shaken 

In order to test for vaso-dilator action of untraumatised venous 
blood collected from the limb during the penod of reactive hypercemia 
foUowmg the release of artenal obstruction, a cannular system with 
flask was inserted m the femoral vem as weU as one m the femoral artery 
With the circulation on the venous side passmg through the flask, the 
arteiy was obstructed, and then released after 2 to 3 mmutes 
The venous flask was short-circuited 45 to 60 seconds later, clamped off 
and transferred to the artenal side Its blood which had come from the 
limb durmg the height of the penod of reactive hypersemia was then 
circulated, and m numerous tnals m four experiments it produced either 
no vaso-dilatation as shown m Fig 4 or a very faint vaso-dilatation such 
as might result from contact of the stagnant blood with the flask durmg 
the time in which the test was being earned out Blood which is stagnant 
m the flask for more than 5 mmutes may acquire shght vaso-dilator 
properties which mcrease with prolongation of stagnation The effect of 
shakmg should be regarded as merely an acceleration of the process 

Light was excluded by the use of a hood and of flasks that were 
coated with black pamt Blood that was traumatised and cnculated 
■with the bght excluded caused vaso-dilatation while untraumatised 
blood did not The temperature of the blood was determined by the 
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use of a flask wath a bung in tbe top wbicb held a tbennometo A single- 
jacket flask holding 40 c c of blood was detached after clamping the 



Fig 4. Blood, Bhort-circoited m venona flask at x, 1 minute after release of 3 minutes’ 
obstrnotion of femoral artery and, transfened to the arterial side, caused practically 
no vaso dilatation n-hen circulated at the artoiv point 

rubber tubes, heated or cooled, re-attached and circulated without 
shaking Variations m temperature of the blood withm 2° to 30° C 
had no efiect unless the blood was kept out of circulation for several 
nunutes Traumatised blood, the temperature of which was kept constant, 
always gave vaso-dflatation 

The hydrogen-ion concentration was detemuned before and after 
shaking for 4 to 5 nunutes and was found to be either unaltered 
or very shghtly shifted toward the alkahne side In order to exclude 
heparm as a possible factor the blood of the dog was defibnnated by 
withdrawing, whipping, and re-mjectmg 260 c c at a tune for 10 or 
12 tunes The caimulse were then inserted mto the artery without the 
use of an anti-coagulant In three attempts the blood coagulated m 
the tubes before the experiment could be completed In one successful 
experiment the circulation continued through the tube for 20 nunutes 
and both arterial and venous bloods were found to produce vaso- 
dilatation when traumatised before cuculatioru 0 7 grm. of hidrudin 
was used m two experiments and the results were the same as those 
obtamed with heparm Consequently heparm cannot be regarded as a 
factor in the causation of the vaso-dilatatiom Heparuused blood that 
had not been shaken was centrifugated and the plasma drawn off When 
plasma alone was cuculated m the hmb, it always produced vaso- 
dilatation This action may be due to the traumatism durmg centn- 
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fugation, or to dumiUBlied viscosity But on the other hand, circulation 
of the re mainin g unwashed corpuscles also produced after a temporary 
decrease in volume a dilatation of the hmb The hmb constnction was 
mterpreted as hemg due to the high viscosity and the dilatation which 
followed to the vaso-dilator property acqmred as a result of the trau- 
matism 

From these experiments it was concluded that blood when trau- 
matiBed as by shaking for 10 seconds to a few minutes acquires a vaso- 
dilator property which is mdependent of exposure to hght or am and 
of changes of temperature and of changes m Oj or COg content and of 
hydrogen-ion concentration All of the reactions descnbed above were also 
observed m seven experiments m which the sciatic and crural nerves 
were not cut 

Two theories were entertamed as to the nature of the change pro- 
duced by traumatism of the blood which gives it the vaso-dilator 
property One was that a vaso-constnctor substance is destroyed and 
the other that a vaso-dilator substance is formed or hberated either m 
the blood or by the tissues when m contact with traumatised blood 
The pitmtary prmciple and adrenalme are the two vaso-constnctor 
substances that have often been held responsible for the mamtenance of 
normal vascular tone The evidence m favour of either as the important 
factor 18 both meagre and fragmentary Krogh{4) beheved, mamly as 
a result of chemical studies and of perfusion of the vessels of a frog 
with a dialysate of ox blood, that pitmtrm m a concentration of around 
1 to 100,000 18 the active substance Bale and Eichards(5} regarded 
it as possibly adrenalme 

From a chemical standpomt both adrenalme and the pitmtary 
prmciple are far too stable m blood to be destroyed durmg the few 
seconds of shakmg which are necessary to give it vaso-ddator properties 
If, however, this be the case, then it is difficult to imagme that these 
substances would remam unchanged for several mmutes m untrauma- 
tised shed blood Attempts were made to neutralise the vaso dilator 
action of traumatised blood by the addition of mmute quantities of 
adrenahne or pitmtary extract (n n h ) and to find whether the 
amounts necessary for such neutrahsation are of the order which would 
be expected to be present m the normal crrculatmg blood When 
adrenahne was added to 30 c c of untraumatised blood m a concen- 
tration of 1 to 600 nulhon it was found on cuculation that shght vaso- 
constnction occurred lastmg 20 to 40 seconds 1 to 100 miUion produced 
a conspicuous decrease m hmb volume and mcrease m hmb pressure 
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But vrlieii sliaken blood was treated vatb 1 to 500 million of adtenabne 
the usual vaso-dilatatiou followed on calculation as if notbmg bad been 
added. Even wben tbe adrenaline concentration in tbe sbaken blood 
was raised to I to 200 and 1 to 100 nulbon it still caused tbe usual 
amount of increase m limb volume and decrease m limb pressure, but 
tbe recovery was more rapid tban normal and slight coostnction followed. 
It was found m some experiments that orculation of shaken blood plus 
as much as 1 m 20 milbon of adrenalme would at first produce sbgbt 
increase in limb volume and fall in bmb pressure wbicb were followed 
by rapid and marked decrease m bmb volume and sbgbt increase in 
bmb pressure 'Dusbaken blood to which adrenalme was added m tbe 
above concentrations produced m out experiments vaso-constnetaon only 
Similar experiments were made with pituitary extract (b n H ) and it 
was found that as much as ten tunes the amount necessary to give a 
slight constnetor effect to 30 c e of untraumatised blood would not 
prevent begummg vaso^atation when added to web-sbaken blood, 
although with large concentrations of pituitary extract tbe vaso-dilatu' 
tiou was quickly cut short and followed by vascmonstnction (Fig 5) 
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Fig S, a Staten arterial blood pitu 1 to 100 nuttion adrenaline 

6 ShsUa attend blood pins 1 to 1200 b,d h jutnitaix extract 

Still larger amounts of both adreuabne and pituitary extract completdy 
prevented tbe vaso-ddator action of shaken blood and caused vaso- 
wnstnctiou from the beginning It became apparent that the concen- 
trations of adrenalme and pituitary extract which are necessarv to 
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prevent the vaso-dilator effect created by traumatism are much higher 
than those to be expected m the arterial blood, consequently it is highly 
improbable that the vaso-dilatation is the result of the destruction of 
these substances 


The theory that the vaso-dilator action of traumatised blood is due 
to the formation or hberation of a vaso-ddator substance would seem 
the more plausible one Injury to the red blood cells with consequent 
haemolysis and hberation of vaso-ddator substances of a histanune-hke 
nature was considered In order to test this theory experiments were 
performed with different amounts of (a) blood traumatised m varying 
degrees, (6) laked blood, and (c) blood to which different amounts of 
histamme were added 

(A) Traumatised blood The amount of traumatism was mcreased 
by shaking for mcreasmg lengths of tune either with or without glass 


I * 

Iw 1 


beads The quantity of blood circu- 
lated was vaned by the use of flasks 
holding 30, 75, 220 and 476 c c 
respectively When a 30 to 76 c c 
flask was used no extra blood was 
employed, the circulation bemg 
started through the flask filled with ^ 
physiological salt solution When a 
220 or 475 c c flask was used it was 
filled at the start with heparinised 
blood from another dog and the cir- 
culation was allowed to pass through 
the flssk until the two bloods were 
thoroughly mixed No difference was 
noted m the effects of blood whether 
it was that of donor or recipient or 
a mixture of the two 

When 30 c c of blood were used, 
it was found that a maximum di- ^ ^ 
lator effect was obtamed by shakmg 
with a bead for approximately 2 
mmutes, and agam as with blood 5' 
shaken without a bead, there was 

Tin chanee m the degree of vaso- Fig 6 Circnlabon of artcnal blood 
no cnaiige , , , ° , 1 1 shaken 20 minutes with bead. 

dilatation when the blood was shaken 

for 8 to 10 mmutes But shakmg with a bead for 20 mmutes produced 
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moderate vaso-dilatation folloi^-ed quicHy by limb conatacfcion lasting 
for 3 or 4 mmutes (Fig 6) There is much froth formed by prolonged 
shalong so that 40 to 50 c c of blood were used m order to insure enough 
to fill the 30 c c flask When 30 c o that had been shaken with a bead 
for 55 mmutes were circulated immediate hmb constriction and slight 
nse m limb pressure followed Five mmutes were required for the hmb 
to return to its former volume, after which there was stdl further mcrease 
m volume and dimmution m volume pulsations (Fig 7) 



Fig 7 Circulation of 30 c.c blood shaken with beads for 55 minutes 

Increase m amount of blood cuculated A surprising findmg was 
that when more than 30 c c of blood shaken for 2 to 5 minutes was 
circulated the vaso-dilatation did not mcrease proportionately with 
mcrease m the amount of blood 75 c c produced slightly more effect 
than did 30 c c but 220 c c or 475 c c produced no greater nor more 
prolonged vaso-dilatataon than did 75 c c Approximately 4 mmutes 
were required for 475 c c to pass out of the flask, when that amount 
was circulated, vaso-dilatation reached its maximum m 25 to 35 seconds, 
and wore off m 60 to 90 seconds, hmb volume and limb pressure then 
remamed constant despite the fact that shaken blood circulated for 
about 2^ mmutes more (Fig 8} The vessels apparently acquire the 
property of resisting the vaso dilator effect of such traumatised blood 
after approximately 30 seconds, and quickly assume their former con- 
tractile state, despite the fact that the same kmd of blood stfll circulates 
m them 476 c c of blood, shaken with beads m a Florence flask for 
10 minutes caused vaso dilatation about equal to that produced by 
blood shaken for 2 minutes, and no vaso constriction followed But 
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475 c c of blood that had been shaken -with beads m 60 c c lots for 
1 hour, so that the amount of traumatism was extreme, produced imme- 
diate dunmution in limb volume and shght nse m limb pressure, sunilar 


L.V 


L.P 
95 

c B P 

5' 

Rg 8, Erp Bi. 1 Reactive hyperfflOua a 30 o o artenal blood ahaJcen 2 minutes 
6 CSrculated 476 o o artenal blood shaken mth beads for 6 minutes e Approxi 
mate tune when tranmatised blood all out of flask 

to the effect of 30 c c shaken for 1 hour The limb constnction lasted 
for 6 minutes after which it wote off and bmb dilatation followed while 
kmb pressure returned to normal General blood-pressure remained 
unchanged throughout the experiment 

It was thus apparent that blood which had been sbghtly or mode- 
rately traumatised produced vaso-dJatation on circulation through the 
limb , but mcrease m the amount of blood circulated beyond 75 c c did 
not mcrease the amount or duration of the vaso-dilatation The circu- 
lation of blood that was severely traumatised produced first vaso- 
dilatation followed by limb constnction and nse m limb pressure, and 
blood that was stiU more severely traumatised produced bmb constnc- 
tion and nse m limb pressure from the onset Increase m the amount 
of severely traumatised blood circulated caused prolongation of the 
penod of bmb constnction 

To test for haemolysis, equal quantities of blood that had been 
similarly shaken for varymg lengths of tune were centnfuged for 
30 minutes and their plasma exammed for the presence of haemoglobin 
The plasma of 50 c c of blood shaken by hand m a 100 c c flask up to 
1 mmute nsnaUy showed no haemoglobin visible to the naked eye, 
but shaking for 2 to 3 mmutes usually produced a defimte reddish 
tint, and the greater the traumatism, the more intense became the 
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discoloration, 'vnth. lisemogloliiii- Staking for 1 lionr produced very 
marked discoloration. The amount of hffimoglobm in each specimen of 
plasma was determmed colonmetncally by comparison with whole blood, 
the heemoglobm content of which was obtamed by means of the Sahh 
hsamoglobmometer In one experiment where whole blood contamed 
17 87 gnru of hsemoglobm per 100 c c the plasma of unshaken blood 
centnfuged for 30 mmutes contamed 0 0169 gnu. per 100 c c , ■fliat of 
blood shaken for 30 seconds 0 0573 gnn. per 100 c c , that of blood 
shaken for 1 mmute 0 0677 gnru per 100 c c , and that of blood shaken 
for 2 mmutes 0 0791 gmu per 100 c c "When blood was shaken with a 
bead for 12 mmutes, the plasma contamed 0 908 gmu per 100 c c , when 
shaken for 20 mmutes, it contamed 1 418 gmu per 100 c c , and when 
shaken for 55 mmutes, it contamed 3 689 gmu per 100 c c Thus un- 
shaken blood showed after centnfogmg only a famt haemolysis, while 
after shaking for 55 mmutes more than one-fifth of the hsemoglobm 
was hberated. 

(B) LaJed blood In 16 experiments blood was laked by freezing 
and thawing Freezing was accomplished most convemently by im- 
mersion of the blood contamed m Pyrex tubes m hqmd oxygen Esti- 
mations with the Sahh haemoglobmometer showed about 90 p c of the 
hffimoglobm m the plasma Amounts of the hsmolysed blood varying 
from 0 07 c c to 220 c c were circulated and untraumatised blood was 
diluted with different amounts of hsmolysed blood before carcnlation 

Injection of 0 07 c c of laked blood mto the tube distal to the flask 
always produced a small amount of vaso-dilatation The amount of 
vaso-dilatation mcreased with mcrease m the amount mjected up to 
0 0 or 0 7 c c , dependent on the experiment and on the degree of hffimo- 
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of it 'When, m an expenment on a dog weighing 10 5 kgm , 10 mgm of 
hista m i n e were added to 476 c c of blood, there resulted on circulation, 
a rapid increase m limb volume and fall m hmb pressure followed by 
fall m general pressure (Fig 11) But withm 76 seconds these eSects 
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Fig 11, Exp 64 10-6 kgm dog Circulated 476 c c blood mthdruim 
and mixed with 10 mgm histamme Flask empty at x 

had largely worn off despite the fact that blood containing the same 
proportion of histamme contmued to enter the hmb and from there the 
general circulation for at least 2^ mmutes longer On the other hand, 
when 30 c c of blood containmg 10 mgm of histamme were circulated, 
the blood-pressure m both femoral and carotid artenes fell rapidly to 
15 mm of mercury and the ammal showed evidences of extreme and 
prolonged shock from which it had only partially recovered at the end 
of an hour 

Histamme was added m varymg amounts to 30 c c of haimolysed 
blood It was found on circulation to counteract the constnctor effects 
and to produce vaso-dilator effects similar to but somewhat less marked 
than those produced when it was added to non-heemolysed blood 

When the flask was connected with the femoral vem, the circulation 
of 476 c c of venous blood contammg 2 mgm of histamme caused a 
fall m general blood-pressure of 40 mm Hg which was gradually re- 
covered from m 10 mmutes 
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There was no instance of the reversed action of histamme as fonnd 
hy Dale and Richards when it was added to artificial perfusion fluids 
In four expemnents 30 c c of blood were withdrawn and defibnnated 
before hepann was injected. On subsequent circnlation, it was found to 
produce vaso-dilatation similar to that produced by shaken blood. 
^iVhipping for defibrination was kept up for 5 to 6 minutes In two 
experiments, between 500 and 600 c c of blood from another dog were 
defibnnated by whipping for 15 to 20 mmutes with a wire wisp Circu- 
lation first of 30 c c and subsequently of 475 c c of this defibnnated 
blood produced vaso-constnction similar to that of larger quantities of 
htemolysed bloods The hasmoglobm content of the serum was not 
detenmned m any of the experiments with defibnnated blood but it 
was undoubtedly higher in the second set than m the first 

A comparison of the results obtamed by circulation of varying 
quantities and mtensities of traumatised and hfemolysed bloods reveals 
very great snnilantv of action Blood traumatised to a shght or medium 
extent produces vaso-dilatation, when traumatised more extensi v ely it 
produces vaso-dilatation followed bv vaso-constnction and when trau- 
matised still more extensivelv it produces vaso-constnction only Haemo- 
Ivsed blood when mjected mto the tube m very small quantities or mixed 
with the unshaken blood of the 30 c c flask m somewhat larger quan- 
tities causes vaso-dilatation, when these quantities are moderately m- 
creased thev cause vaso-dilatation followed by vaso-con s tn c tion and 
when thev are markedly mcreased they cause vaso-constnction only 
Increase m the quantity of shghtlv or moderately shaken blood up 
to approximatelv 75 c c mcreases the mtensity and duration of vaso- 
dilatation, but quantities greater than this produce no mcrease m the 
mtensitv or duration of the vaso-dilatation. The same is true of un- 
shaken blood diluted with very small quantities of heemolysed blood 
Increase m the quantity of blood that has been traumatised to a pomt 
where it produces only vaso-constnction on crrculatioii, causes prolonga- 
tion of the penod of vaso-constnction. This is also true of hremolysed 
blood when circulated m moderate or high concentrations 

Wien the efiects of traumatised and haemolysed bloods are com- 
pared with those of blood treated with histamme, there are some pomts 
of Eunilanty, and others of marked diSerence There is a sumlanty of 
action m that cuculation of 30 c c of untraumatised blood containing 
a verv small amount of histamme causes vaso-dilatation m the limb 
without alteration of general blood-pressure, also further mcrease m 
the quantity of blood circulated containing histamme m this amount 
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does not proportionately prolong the penod of vaso-dilatation There 
IS a niarlced difference in the action in that increase in the amoiint of 
histamine m a given quantify of blood beyond that which produces only 
dilatation m the lunb, causes further limb dilatation and also dilatation 
of systemic capillaries with fall m general blood-pressure The fall m 
general blood-pressure is also proportionately greater when the amount 
of histamme is mcreased, large amounts causmg histamme shock 

The cause of the vaso-dilatation m the hmb which results when 
mildly traumatised blood or a minute quantity of hsemolysed blood is 
circulated is apparently the same m either case and is a substance 
hberated from the broken down red blood cells 

The facts that mcrease m the traumatism or lakmg beyond a shght 
degree does not mcrease the vaso-dilator action, that marked mcrease 
causes vaso-constnction, and that the addition of mcreasmgly greater 
amounts of histamme to blood whether untraumatised, traumatised, or 
hffimolysed always produces correspondmgly greater vaso-dilatation, 
speak against histamme as the cause of the vaso-dilatation 

The cause of the vaso-constnction produced by the circulation of 
extremely traumatised or extensively hiemolysed blood may also be 
regarded as a substance hberated from the red blood cells, but active 
as a vaso-constnctor only when present m relatively high concentration 

The question of whether the vaso-dilatation produced by a small 
traumatism of blood and the vaso-constnction produced by an extensive 
traumatism are due to the hberation of different amounts of one and 
the same substance or of two different substances must at present be 
left open 

SUMMABY AND CONCLUSIONS 

1 The use of a vivi-perfusion apparatus devised byDrG V Anrep 
IS described 

2 Artenal or venous blood rendered mcoagulable by heparm or 
hirudm acquires vaso-dilator properties when outside the body 

3 Traumatism of the blood up to a certam pomt hastens the de- 
velopment of vaso-dilator properties 

4 The vaso-dilator properties of such blood are mdependent of 
changes m Oj, CO,, H-ion concentration, temperature, and exposure to 
au or bght They appear not to be the result of destruction of adrenaline 
or of pitmtary prmciple while the blood is outside 

5 The plasma of such blood shows evidences of a shght amount of 

hsemolysis 
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6 Iiaked Hood, injected m small quantities ox circulated m 
high dilution uith nntraumateed blood also produces vaso-dilatation 

T Blood that has been severelv traumatised acquires vaso-con- 
stnctor properties Its plasma shows a moderate or high degree of 
heemolrsis 

8 Moderate or high concentrations of laked blood also produce 
vaso-constnction when circulated m larger quantities 

9 These vaso-motor changes are apparentlr due to the action of 
the hsemoljsed blood which when present m the circulated blood m 
small amounts causes Tuso-ddatation and m large amounts causes vaso- 
constnction, 

10 The vaso-dflator properties of traumatised blood are as far as 
the evidence shows not due to the liberation of histamine 

11 Tjntraumatised blood collected from the femoral vein during the 
period of reactive hypersemia following artenal obstruction possesses no 
special vaso-ddator properties 

12 Blood vesseb when perfused with large quantities of blood 
possessing vaso-dilator properties, whether due to traumatism or adding 
hffimoivsed blood or histamme ddate at the onset but rapidly acquire 
the power of resisting the vaso-dilator action. 

Thanks are due to Dr Anrep for assistance throughout the course 
of the work, and Prof Lovatt Evans for suggestions m connection 
with the work on hsemolvsed blood. 
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THE NERVOUS MOTIVE ENERGY 
REPLY TO SYBIL COOPER AND E D ADRIAN 

By I ATHANASIU {University of Bucarest) 

SrNOE Piper’s(i) demonstration, by means of the string galvanometer, 
that the action current of the muscles m voluntary contraction shows a 
great number of oscillations durmg the umt of time, the question arose 
whether the rhythm of these oscillations was derived from the muscles 
or the nervous system 

The controversy which arose over this question between Garten(2) 
who attnbuted it to the muscle, and Piper(S) who attributed it to the 
nervous system, is already known 

Porbes and Rappleye(4), in trymg to elucidate the problem by ev- 
penments made on man, warmed and cooled the muscle of the fore-arm 
to which were apphed non-polarisable electrodes They found that the 
frequency of the oscillation m the electromyogram rises with the warmmg 
and diminishes with the coolmg of the muscle, which should prove that 
their rhythm depended on the muscle and not on the nervous system 
The latter is supposed to send to the muscle, accordmg to these authors, 
300-1000 vibrations per second and even more But they do not brmg 
any experimental proofs to back their views 

Cooper and Adrian(5) have taken up the question and made ex- 
periments on frogs with brains destroyed Their researches aimed at 
distinguishing the share of the muscle from that of the nervous system m 
the rhythm of the oscillations m the reflex electromyogram and to that 
end they separately and alternately cooled the muscle and the spinal cord 
When the muscle was cooled, the cord was kept by certam methods at a 
constant temperature, and vice versa The non-polansable electrodes 
were placed on the gastrocnemius muscle and a fore-hmb was stimulated 
either by mechamcal or electrical means (mduction shocks) The photo- 
graphic registermg apparatus moved at a speed of 15 cm per sec The 
authors do not mention the physical constants of the strmg of the 
galvanometer 

Cooper and Adrian have counted, m the reflex electromyogram thus 
obtamed, only the large oscdlattons on one side and on the other the 
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total number They found that coolmg tbe muscle (tbe temperate of 
tbe spmal cord lemammg constant) causes little change in the rhythm 
of oscillation m the reflex electromyogiam, but that cooling the cord 
(the temperature of the muscle remaining constant) changes it more 
Thus takmg the average of the number given by these authors, 

Tve find 

{A) Cooling the musde 


Tempera toie 

Total nomber of 
oscillations 
per Bee. 

ll"-!! 5° 

118 

20° 

122 

22°-25° 

128 

(B) Cooling the cord 

6° 

05 

6° 

105 

7° 

118 

14° 

126 

20° 

145 


From these experiments Cooper and Adrian concluded that the rhythm 
of the oscillations m the reflex electromyogram folloms exactly the 
frequency of nervous discharge of the spmal cord, which would be about 
120-150 per sec m the frog at room temperature Consequently the 
rhythm depends on the nervous system and not on the muscle It is 
supposed that the number of nervous vibrations is not superior to the 
frequency of the muscle response The authors state at the same tune 
that when warinmg the cord the large oscillations become more numerous 
and their mtervals more regular In order to explam this phenomenon, 
they suppose that the amphtude of these oscillations depends on the 
number of muscle fibres contracted at the tune and that this number 
would be higher when the cord is warmed, because of a larger number 
of the motor neurones commg mto action for the same movement 
This summarises as faithfully as possible the results reached by 
Cooper and Adrian 

Commentmg on these results, they find them m contradiction with 
those I have obtamed m my own work on the nervous motive 
energy (0) 

We shall separately examme each question discussed by these authors 
1 The existence of electro-iieuro-niotive osciRations in the voluntary 
and reflex deciromyogram My researches allowed me to distmguish m 
e\ ery electromyogram, voluntary or reflex, the presence of two kmds of 
oscillations some of vanable amphtude (large and middle-sized) which 
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I have called dectro-muscular and the others of very small hut regular 
amphtude, appearmg m groups of 2-6, called dectro-neuro-motive 

In order to he able properly to distmgmsh these two kinds of oscilla- 
tions, we may take the following records Figs 1 and 2, Plate I, showmg 
voluntary electromyograms of the flexor muscles of human fingers and 
Figs 4 and 6, Plate IT, showmg reflex electromyograms of the gastro- 
cnemius of the frog The groups of small oscillations mcluded between 
the white dotted hnes are those which I call electro-neuro-motive, 
all the others are the electro-muscular ones The rhythm of the first ones 
IS marked above each group I will briefly pomt out the reasons which 
lead me to consider that those small oscillations represent the action 
current which accompames the nervous motive energy 



E 


Fig 2 


T 


V 1 =Direct electromvogram of a neuromuscular preparation. umber of eicctno 
stimuli appUed to the nerve = 982 31= Mvogram T = Time m one hundredths 
of a second. Strmg of silvered glass Diameter = 2 Sfi. Ecsistancc = 0500 ohms 
Tension =15 mm per 0 001 v 

Fie 2 Befles electromyogram of frog without brain. Extenor temperature - 24° 
^ Gastrocnemius muscle Strmg of silvered glass Diameter = 2p. Kesistance = 9000 
ohms. Tension = 0 8 mm per 0 001 v An amplifier m the circuit Mechanical stimu 
lation of the fore hmb T = Time m one hundredths of a second. 
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IHien -we register tlie action current of a mnscle-netre prepara- 
tion, after tke nerve has been stininlated, one can see that np to 
300 stnnuh per sec the oscillations of the galvanometer follow the 
freqnency of the stunnlns very exactly, though their amplitude lessens 
on acconnt of the fatigue Above 300 stimnb per sec the form of the 
electromjogram becomes more and more irregular and approaches the 
reflex or voluntarv electromyograirL Fig 1 is a direct electromyogram 
and Fig 2 a reflex electromyogram of the frog 

The bkeness between the two is perfect, the same large, middle-sized 
and small oscillations are m the two The small oscillations, of regular 
amplitude, which are m the duect electromyogram, follow between cer- 
tam limits the rhythm of the stimulus TVhat other conclusion can be 
dra-wn from this hteness, unless that the muscle m voluntary or reflex 
contraction also receives a number of stimulations greater than 300 
per sec ^ And if we consider the groups of quite small oscillations as 
representing the nervous stimulus, we find m fact that -their frequency 
is mcluded between 300 and 350 oscillations per sec , m the hot summer 
time we have even found 600 per sec 

The very irregular form of the other oscillations (large and middle- 
sized) which represent the action currents of -the muscular contraction, 
may be explamed bv the mtervention of the refractory period of the 
muscle, which puts a limit to the frequency of its responses The 
folloiving diagram (Fig 3) sho-ws the mechanism by which this re- 
fractory period has such an efiect on the form of the electromvogram 
(voluntary or direct) 
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We suppose a rhytluruc stimulus givmg a certam number of inter- 
ruptions m tbe umt of tune The muscle havmg phases of maxunum 
and minimum excitabihty, the mtensity of its responses — expressed 
by the amphtude of the electromuscular oscillations — inll be strongest 
during the maximum phase and weak dunng the Tnimmiim phase It is 
even possible that the muscle may not respond at aU durmg this last 
period, and it so the galvanometer will record only the action current 
which accompames the nervous motive energy This action current is 
expressed by the small oscdlations of a regular amphtude, which are to 
be seen as well m the direct electromyogram as in the voluntary and 
reflex one 

One may get reflex electromyograms from cooled frogs the forms of 
which considerably resemble our diagram, as may be seen m Fig 4 
The large oscillations are sufficiently regular There are among them 
middle-sized and groups of qmte small ones Our explanation therefore 
finds a veiyimportantsupportmthis electromyogram Agam Cooper and 
Adrian show m Fig 6 of their paper an electromyogram of the frog with 
the cord cooled to 4 6°, which bears a very close likeness to our diagram 

We can conclude from the precedmg observations that the oscillations 
of every electromyogram, reflex or voluntary, have two different ongms 
(a) the large and middle-sized are muscular waves as far as the energy 
is concerned, and show the action current which accompames the muscle 
twitch, (6) the very small ones are of nervous origm, and represent the 
action current which accompanies the nervous motive energy 

The frequency of the first is generally between 80 and 160 per sec 
m the mammaha and frog, reachmg even 200 in the latter durmg the 
great summer heat The frequency of the second is much higher, it 
comprises 300-500 oscillations per sec in the mammaha and 300-600 
m the frog durmg summer time One sees, then, how irrational it is to 
add these two kmds of oscillations together m the voluntary or reflex 
electromyogram 

In order to obtain further evidence as to the nervous origm of 
the small oscillations m those electromyograms we recorded the action 
current of the nervous motor system (brain H- cord or brain + sciatic 
nerve) Fig 3, Plate I, shows an example of electroneurogram of the 
gumea-pig (bram + sciatic nerve) The two large oscillations belong to 
the heart, they are electrocardiograms The numerous small oscillations 
are sufficiently alike to those of the voluntary electromyogram as to 
theu form and number 

But Cooper and Adrian mention in theu memou “Our own records 
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of the normal electromyogram (of the frog, the cat and man) show 
occasional clusters of very small vaves of high frequency, hut vre have 
never been able to make out any clear separation of tvro such types of 
waves as Athanasiu describes, smce there are always many of mter- 
mediate size It should be added, however, that we have not made any 
detailed statistical examination of our records ” These statistics have 
been made by me upon hundreds of records and I consider them as 
accurate 

If these authors did not succeed m clearly separating the two kmds 
of oscillations described above, the explanation of their failure is quite 
simple It consists m the slow speed of their registering apparatus, which 
did not exceed 150 ttitti. per sec , whereas I insist m my work upon the 
fact that 500 mm. per sec is necessary at least 

The number of electro-neuro-motive oscdlations bemg of 300-600 
per sec m the frog m summer, it follows that one milhmetre of the record 
of these authors must contam 2—4 of the small oscDlations, a condition 
materially impossible, because the shadow of the string itself only 
measures 3—4 tenths of a millim etre The frequent black spots seen on 
those records are due to nothing else than the electro-neuro-motive 
oscniations heaped together 

Moreover, we do not find m the work of these authors the physical 
constants of the string used and especially its tension. I have demon- 
strated already that a string under slight tension cannot follow the 
rhythm of rapid oscdlations, and if such has been the case with Cooper 
and Adrian’s experiments it is stfll easier understood why they have 
not been able to observe the electro-neuro-motive oscdlations properly 
My researches have.shown that Piper’s fear of tightening the stnng, on 
account of its own vibratioiis which would mterfere with the record, was 
by no means justified On the contrary, the tight string follows with the 
greatest fidehtv the swiftest variations of the current, without any mter- 
ference, as I have convmced myself by repeatedly testing the string 
galvanometer 

’Therefore Cooper and Adrian’s objection, on the existence and the 
meamng of the electro-neuro-motive oscillations, is by no means justified 

(2) The large and middle-sized oscillations represent the action current 
of the muscle ticitch In my researches on the action current of the muscle 
m voluntary contraction, I showed that the large and middle-sized 
oscillations of the electromyogram are the expression of the action current 
of the muscle twitch The following additional proofs may be brought 
m support of this ^ 



180 


I ATHANASIU 


(tz) Wlien. 'we record the action current of a muscle-nerve preparation 
(gastrocnemius muscle -f- sciatic nerve) successively m isotomc and 
isometric contraction, ve find that the amphtude of the oscillations 
IS considerably di minis hed m the second case, because the muscle is 
unable to contract and gives a very famt twitch In Figs 6 and 6 this 
IS shown very clearly 



E 


Pig G 


21 


T 


Fig 5 £ = Direct eleotromyogrom of a neuromuscular preparation. Frequcncj of 
stimulation appbed to the nerre = 609 per sec. Isotomc contraction. 21 = Slyogiam 
String of Slivered glass Diameter = 2 5p. Resistance = 0600 ohms Tension = 
1 5 mm per 0 001 v Time m one hundredths of a second. 

Fig 0 E = Electromvogram of the same preparation m isometnc contraction 21 = 
Myogram Same string and same tension 

{b) By the help of a special apparatus, described in my first work 
(p u) I have, in collaboration with Bull, recorded the longitudmal 
vibrations of the flexor muscle of the fingers and their action current, 
with two different strmg galvanometers, as it is shown m Fig 7 

We obtained the records I and II The first one (I) is the t oluntary 
electromyogram of the flexor muscles of the fingers, II represents the 
longitudinal vubrations of the same muscles (muscle twitch), com erted 
mto electnc vibrations by the apparatus F held m the hand If the 
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contraction of the muscle were perfectly contmnous the record H wo^d 
he a straight hne, because no current could have been produced m e 

I 
T 

n 




Fig 7 I = Voluntary electromvogram of the flexor muscles of the fingers giTen by the 
galvanometer G' T ~ Tune m one fifth of a second. H = Electric record, of the 
longitn dina l vibrations of the same muscle, given bv the galvanometer G and the 
apparatus F held m the hand. The first coil receives the current from the batterv P 
The secondary coil (s) is in the circuit of the galvanometer G E and E = Xon- 
polansable electrodes / = Stnng of silvered glass Diameter = 3 o/i. Kesistance 
= 0500 ohms Tension =15 mm. per 0*001 r J/ = String of silvered glass 
Diameter = 3p. Resistance = 7000 ohms. Same tension as I string 

secondary coil (s) But we see that this record has ou the contrary a 
great number of oscillations, which almost copy the form of the large and 
middle sized waves of the electromyogram Consequently both have the 
same ongm and represent the twitches of the muscle when m contmnous 
contraction (tetanus) That is the reason why I have called the large 
and middle-sized osciUations of the voluntary or reflex electromyogram 
electromuECuIar oscillations They are of muscular ongm, as far as the 
energy is concerned, because they represent the action current which 
accompames the muscle twitches But as to their frequency and amph- 
tude thev depend directly on the nervous system, just as the oscillations 
of the direct electromvogram depend on the stimulus apphed to the 
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nerve Cooper and Adrian are therefore unjustly attnbuting to us the 
opinion, similar to Garten’s, that the rhythm of these oscillations is due 
to a peculiar quahty of the muscle 

If these authors had been able to record distmctly the two lands of 
oscdlations (the electromuscular and electro-neuro-motive ones) they 
would have seen that cooling the cord diminishes the frequency of both 
of them, as we have shown by repeating the experiments of Cooper and 
Adrian We give m the followmg table the average number of the 
electromuscular and electro-neuro-motive oscdlations m the frog, before 
and after coolmg either the spmal cord only or the whole frog 

(A) Cooling the spinal cord 

^ ' 3 1 - Relation 

Number Number Elect neur 



Temperature 

of electro 

of electro 

mot oscil 


m the 

mnsoolar 

neuro motive 

Elect muse. 


(BsophagOB 

oscillations 

oscillations 

OSOlt 

Before coobng 

23 -25“ 

170 

645 

32 

tt f 

23 - 26“ 

201 

683 

29 

After cooling 

7 3-10“ 

130 

440 

34 

it ii 

7 8-10“ 

135 

412 

30 


(B) Total cooling 



Before cooling 

21 -24“ 

102 

600 

26 

t* ** 

21 -24“ 

176 

616 

29 

Alter coolmg 

7 - 10-6“ 

165 

430 

27 

If If 

7 - 10 6“ 

138 

456 

33 

follows from the above table that coolmg only the cord diminishes 


the frequency of the electromuscular oscillations and therefore the 
frequency of the muscle twitches too, as has been demonstrated by 
Cooper and Adrian But it diminishes also the number of electro- 
neuro-motive oscillations, therefore, the number of stimulations sent 
by the nerve centres to the muscle The rhythm of the former is 
consequently strictly dependent on the rhythm of the latter, as I have 
affirmed, and all that affects the nervous centres necessardy influences 
the two sorts of oscdlations Such is the effect of poisomng these 
centres by alcohol (7), which — like coolmg — diminishes the number of the 
neuro-motive vibrations, from which there results a dimmution in the 
number of muscle twitches 

Figs 3 and 4 (Plate II) are examples of reflex electromyograms of 
gastrocnemu muscles of the frog cooled either entirely or the spmal cord 
only 

(3) The frequency of the nervous-motive vibrations is superior to the 
number of responses that the muscle can give We quote Cooper and 
Adrian’s memoir “Coolmg the cord should reduce the frequency of the 
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impulses m the nerve, but if this is stffl too rapid for the muscle to foUov, 
the efiect vonld he either to leave the mnscnlar response unchanged or 
else to make its frequency increase ” Our studies of the direct electro- 
myogram showed us that its form becomes similar to that of the volun- 
tary electromvogram as soon as the frequency of stimulation apphed to 
the nerve surpasses the frequency of response which the muscle can 
follow 2sow the mere irregularity of the voluntary electromvogram 
suffices to mdicate that the number of nervous impulses must surpass the 
hmit of the muscle response, because, it the number were withm these 
limits, as Cooper and Adrian suppose, the amphtude of the oscillations 
of the voluntarv electromvogram would be regular, as it is m the direct 
electromyogram with stimulation not above 300 per sec Fig S shows, m 
fact, the form of a direct electromvogram with the nerve stimulated 
with 157 excitations per sec 



Fig S E~ Direct electromTogram of gastrocnemins mnscle of the fro^ Xnmber of 
^uktions applied to the nerve = 157 per sec. Jf = ilvogram. T = Tune m one 
h^rrfths of a second. String of sUvered glass Diameter = 2 5p. Eesistance = 
»>oW ohms. Tension =15 mm. per (H)01 v 


Such would he the form of the reflex electromvogram if the opuuon 
of Cooper and Adrian were correct, namelv “that the maxunum rate 
of discharge fmm the cord m the frog at room temperature is 120-150 
per sec and that the frequency of the oscillations m the electromvogram 
IS u^ally Identical with the frequency of discharge from the cord ” Xow 
on the c^trarv, the form is very irregular, but this does not happen b; 
chance There is a close enough relation between the number of nervous 
motive mbratioi^ and that of the muscular responses mcluded m every 
loluntary or reflex contraction In fact I have found m records^ 




182 


/ ATEAJ^ASW 


nerve Cooper and Adrian are therefore unjustly attributing to us the 
opinion, similar to Garten’s, that the rhythm of these oscillations is due 
to a peculiar quahty of the muscle 

If these authors had been able to record distmctly the two kmds of 
oscillations (the electromuscular and electro-neuro-motive ones) they 
would have seen that cooling the cord diminishes the frequency of both 
of them, as we have shown by repeating the experiments of Cooper and 
Adrian. We give m the foUowmg table the average number of the 
electromuscular and electro-neuro-motive oscillations m the frog, before 
and after coohng either the spmal cord only or the whole frog 



(A) Cooling the spinal cord 

Belataon 



Number 

Number 

Elect, neur 


Temperature 

of electro 

of electro 

mot. oscib 


m the 

mnecnlar 

nemo motive 

Elect, muse. 


oeaophagna 

osciUfltions 

oscillations 

oscib 

Before cooling 

23 -25° 

170 

645 

32 

it 

23 -25° 

201 

683 

29 

After cooling 

7S-10° 

130 

440 

34 

»» it 

7 8-10° 

136 

412 

3-0 


{B) Total cooling 



Before cooling 

21 -24° 

192 

500 

26 

>» » 

After cooling 

21 -24° 

176 

616 

29 

7 - 10 6° 

165 

430 

27 

ti if 

7-10 6° 

138 

455 

33 


It follows from the above table that cooling only the cord diminishes 
the frequency of the electromuscular oscdlations and therefore the 
frequency of the muscle twitches too, as has been demonstrated by 
Cooper and Adrian, But it diminishes also the number of electro- 
neuro-motive oscillations, therefore, the number of stimulations sent 
by the nerve centres to the muscle The rhythm of the former is 
consequently strictly dependent on the rhythm of the latter, as I have 
affirmed, and all that affects the nervous centres necessarily influences 
the two sorts of oscillations Such is the effect of poisonmg these 
centres by alcohol (7), which — ^hke coohng — diminishes the number of the 
neuro-motive vibrations, from which there results a diminution m the 
number of muscle twitches 

Figs 3 and 4 (Plate 11) are examples of reflex electromyograms of 
gastrocnemu muscles of the frog cooled either entirely or the spmal cord 
only 

(3) The frequency of the nervous-motive vibrations is superior to the 
number of responses that the muscle can give We quote Cooper and 
Adrian’s memoir “Coohng the cord should reduce the frequency of the 
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impulses m tte nerve, but if tks is still too rapid for the muscle to follow, 
the efiect would he either to leave the muscular response unchanged or 
else to make its frequency mcrease ” Our studies of the direct electro- 
myogram showed us that its form becomes simil ar to that of the volun- 
tary electromyogram as soon as the frequency of stimulation apphed to 
the nerve surpasses the frequency of response which the muscle can 
follow blow the mere irregularity of the voluntary electromyogram 
suffices to mdicate that the number of nervous impulses must surpass the 
limit of the muscle response, because, if the number were withm these 
limits, as Cooper and Adrian suppose, the amphtude of the oscillations 
of the voluntarv electromyogram would be regular, as it is m the direct 
electromyogram with stimulation not above 300 per sec Fig 8 shows, m 
fact, the form of a direct electromyogram with the nerve stimulated 
with 157 excitations per sec 



Fig S E - Direct electromvogram ol gastrocneminj muscle of tte frog Number of 

^ T = Time m one 

^ Diameter = 2 Sji. Eesirtance = 

bSOO obms. Tension =15 mm. per 0 001 v 


Such would be the form of the reflex electromyogram if the opimon 
of Cooper and Adrian were correct, namely “that the maximum rate 
of discharge from the cord m the frog at room temperature is 120-150 
per sec , and that the frequency of the oscillations m the electromyogram 
IS usually identical with the frequency of discharge from the cord ’’ low 
on the c^trary, the form is very irregular, but this does not happen by 
chance There is a close enough relation between the number of nervoii 
motive vibratiom and that of the muscular responses mcluded m every 
loluntary or reflex contraction In fact I have found m records of 
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voluntary electromyograms made in a senes of animals (8) that this 
relation is almost a constant quantity The relation oscillates around 
the number 4, whether it is caused by a very qmck movement, as 
the flight of a bird, or a very slow one, as the progress of the snail 
Thus the average is four nervous vibrations for one muscle response 
(twitch), and if the nervous centres are cooled or poisoned by alcohol 
and thus dimmish the frequency of the vibrations sent to the muscle, 
one distinguishes at the same time a proportional reduction m the fre- 
quency of the muscle response notwithstandmg the fact that the muscle 
stall receives a number of nervous stimulations superior to its rate of 
response These experiments prove that one cannot identify the ex- 
perimental tetanus with the voluntary or reflex one Consequently 
Cooper and Adrian’s objections are not well founded 

(4) The functional synchronism of the nervous and muscular elements 
In order to explam the differences of amphtude m the voluntary and 
reflex electromyogram Cooper and Adrianproduce the following hypo- 
thesis “The explanation we take to be that the large waves represent 
the simultaneous discharge of impulses from the majonty of the nerve 
cells and consequent contraction of the majority of the muscle fibres and 
that the small waves represent the discharge from a small number of 
nerve cells out of phase with the rest ” It is therefore the theory which 
Gotch(9) put forward for the nerves and which these authors apply to 
the nervous centres But if the neurones can act mdividuaUy or associate 
mto a larger number when commanding a higher effort, it is not the same 
for the muscle fibres I have exqilamed m my second memoir (pp 21, 22) 
why the “all or nothmg” rule cannot be apphed to the muscle of the 
skeleton and why the muscle fibres cannot act separately or by small 
groups as Keith Lucasfio) and Pratt(ii) have mamtamed One of the 
prmcipal reasons agamst that conception is the structure of the muscle 
Working with Dragoiu I have proved(is) the existence of a very 
abundant and very tight connective tissue between the fibres of the 
skeleton muscle by the aid of impregnation with reduced silver mtrate, 
accordmg to Cajal s method 

One can clearly see m these preparations both the envelope of every 
fibre or sarcolemma which is of connective elastic nature, and the 
mterstitial connective tissue, which bmds the muscular fibres together 
very tightly In face of the fact that such is the structure of the striated 
muscle, Pratt’s opmion, that the fibres of the muscle can freely shp over 
one another, becomes a matenal unpossibdity And Pra tt rehes m his 
experiments just on this shppmg of the fibres, m order to prove that the 
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contracbon of a ausle fibre mflie mascle most be considered as Kacbmg 
Its Tna-nTTinm and Siat conseqoentlr the fibre obevs the lavr of “all or 
notbins Such a slipping cannot be admitted for the mnscnlar fascicnlns 
eitheTj^dmthat case the eimenments of Keith Lucas are equally m- 
conclusiTe m proving the fitness of that lavr to the muscle of the skeleton. 
In fact vrhat uonld happen if a single fascicnlos were contracted? The 
force deTelopedmitivoiildbetransmitted,bvthe corresponding tendmous 
fibres, dnectlr to the resistance to be overcome, j e to the part of the 
bone vrhich shoold be moved To this resistance is added that of the 
vrhole mass of the mnscle vrhich is at test As it cannot overcome the 
vrhole of these resistances, it must result that all the chemical energv 
emploved bv the mnscnlar fasciculus for its supposed contraction uill 
be transformed mto heat, smce there is no mechamcal work. Even if vre 
suppose that the number of fascicuh contracted ar the time were snf- 
ficientlv great to move the corresponding bony lever, there would still be 
an unnecessary quantitv of energy wasted m moving the great mass of 
the mnscle which is at rest 

For aH these reasons, of stmctural and fnnctional nature, I submit 
that afi the fibres of the muscle contract at the same time when per- 
forming a certam work. The valne of the work depends on the qaantitv 
of energv spent bv each of these fibres and not on their nnmher Thns 
the functional synchronism is an essential condition of the 
mnscnlar work 
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voluntary electromyograms made m a senes of animals (S) that this 
relation is almost a constant quantify The relation oscillates around 
the number 4, whether it is caused by a very qmck movement, as 
the flight of a bmd, or a very slow one, as the progress of the snail 
Thus the average is four nervous vibrations for one muscle response 
(twitch), and if the nervous centres are cooled or poisoned by alcohol 
and thus dimm ish the frequency of the vibrations sent to the muscle, 
one distinguishes at the same tune a proportional reduction m the fre- 
quency of the muscle response notwithstandmg the fact that the muscle 
BtiU receives a number of nervous stimulations superior to its rate of 
response These experiments prove that one cannot identify the ex- 
perimental tetanus with the voluntary or reflex one Consequently 
Cooper and Adrian’s objections are not weU founded 

(4) The functional synchronism of the nervous and muscular elements 
In order to explam the differences of amphtude m the voluntary and 
reflex electromyogram Cooper and Adrian produce the foUowmg hypo- 
thesis “ The explanation we take to be that the large waves represent 
the simultaneous discharge of impulses from the majonty of the nerve 
cells and consequent contraction of the majority of the muscle fibres and 
that the small waves represent the discharge from a small number of 
nerve cells out of phase with the rest ” It is therefore the theory which 
GotchlB) put forward for the nerves and which these authors apply to 
the nervous centres But if the neurones can act mdividually or associate 
mto a larger number when commanding a higher effort, it is not the same 
for the muscle fibres I have explamed m my second memoir (pp 21, 22) 
why the “all or nothing” rule cannot be apphed to the muscle of the 
skeleton and why the muscle fibres cannot act separately or by small 
groups as Keith Lucaspo) and PrattfU) have mamtamed One of the 
prmcipal reasons against that conception is the structure of the muscle 
Workmg with Dragoiu I have proved (is ) the existence of a very 
abundant and very tight connective tissue between the fibres of the 
skeleton muscle by the aid of impregnation with reduced silver mtrate, 
accordmg to Cajal’s method 

One can clearly see m these preparations both the envelope of every 
fibre or sarcolemma which is of connective elastic nature, and the 
mterstitial connective tissue, which bmds the muscular fibres together 
very tightly In face of the fact that such is the structure of the striated 
muscle, Pratt’s opmion, that the fibres of the muscle can freely sbp over 
one another, becomes a material unpossibihty And Pr a tt rehes m his 
experiments just on this shppmg of the fibres, m order to prove that the 
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contractioa of a single fibre m the muscle must be considered as reacbing 
Its mammnm and that conseiiueutly tbe fibre obeys tbe law of “aU or 
notbing ” Sucb a sbppmg caimot be admitted for tbe muscular fasciculus 
eitber, audmtbat case tbe experiments of Keitb Lucas axe equally m- 
conclusive m proving tbe fitness of that law to tbe muscle of tbe skeleton. 
In fact, wbat would happen if a smgle fasciculus were contracted^ Tbe 
force developedm itwould be transmitted, by tbe correspondmg tendmous 
fibres, dnectly to tbe resistance to be overcome, j e to tbe part of tbe 
bone which should be moved To this resistance is added that of tbe 
whole mass of tbe muscle which is at rest As it cannot overcome tbe 
whole of these resistances, it must result that all tbe chemical energy 
employed by the muscular fasciculus for its supposed contraction will 
be transformed mto beat, smce there is no mechamcal work Even if we 
suppose that the number of fascicub contracted at the tune were suf- 
ficiently great to move the correspondmg bony lever, there would still be 
an unnecessary quantity of energy wasted m moving the great mass of 
the muscle which is at rest 

For all these reasons, of structural and functional nature, I submit 
that all the fibres of the muscle contract at the same time when per- 
forming a certam work. The value of the work depends on the quantity 
of energv spent by each of these fibres and not on then number Thus 
the functional synchronism is an essential condition of the 
muscular work 
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DESCRIPTION OF PLATES 

Plate L 

PigB 1 and 2 Voluntary electromyogram of the flexors of the fingers m man. String of 
silvered glass Diameter = Zix. Resistance = 4000 ohms. Tension = 2 mm. per 
0 001 V Magnification = 2000 times Time in fifths of a second. 

Tig 3 Guinea pig Electroneurogram. Bram and sciatic nerve Voluntaiy walk. Stnig 
of silvered glass. Diameter = 2 6p. Resistance = 6600 ohms Tension = 2 mm. per 
0 001 V Magnification = 1000 times Time m fifths of a second. 

Plate IL 

Pigs 1 and 2 Frog with bram destroyed Reflex electromyogram of gastrocnemius muscle. 
Tempierature on the outside 27° Stnng of silvered glass. Diameter = 2/i Resistance 
= 9000 ohms Tension = 08 mm. jier 0 001 v Amplifier m the circuit Mechamcal 
stimulation of fore limb Time m one hundredths of a second. 

Fig 3 Frog with brain destroyed Total cooUng Temperature in the cESOphagus, 8 7° 
Reflex electromyogram of gastrocnemins muscle Same stung as m Figs 1 and 2 
Mechamcal stimulation of fore hmb Time in one hundredths of a second. 

Fig 4 Frog with brain destroyed. Cooling of spmal cord. Temperature m the oesophagus 
= 9 6° Reflex electromyogram of gastrocnemius mnscle Mechamcal stimnlation of 
fore limb Same string as m Figs 1 and 2, Time m one hundredths of a second. 
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DESCEIPTION OF PLATES 

Plate L 

Pigs 1 and 2 Voluntary eleotromyogram of the flexors of the fingers m man Stmig of 
Slivered glass Diameter = 3fi Resistance = 4000 o hms Tension = 2 mm. p<r 
0 001 V Magnification = 2000 times Time in fifths of a second. 

Pig 3 Qninea pig Eleotroneurogram Brain and sciatic nerve Voluntary walk. Stnag 
of sdvered glass Diameter = 2 6p Resistance = 6500 ohms Tension = 2 mm. per 
0 001 V Magnification = 1000 times Time m fifths of a second. 


Plate n. 

Pigs land 2 Frog with bram destroyed. Reflex electromyogram of gastrocnemius mnjcle. 

Temperature on the outside 27° String of silvered glass Diameter = 2p Resistance 
= 9000 ohms Tension =08 mm per 0 001 v Am plifier m the circuit. Meehamcal 
stimnlation of fore limb Time in one hundredths of a second. 

Pig 3 Prog with brain destroyed Total cooling Temperature in the cesophngus, 8 7' 
Reflex eleotromyogram of gastrocnemius muscle Same string as m Pigs. 1 and 2 
Meehamcal stimulation of fore limb Time in one hundredths of a second. 

Pig 4 Frog with brain destroyed. Cooling of spinal cord Temperature in the cesophagna 
= 9 6° Reflex eleotromyogram of gastrocnemius muscle Mechanical stimulation of 
fore limb Same stnng as m Figs 1 and 2 Time in one himdredths of a second. 
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DESCRIPTION OE PLATES 

PtlIte L 

Figs 1 and 2 Voluntary eleotromyogram of the flexors of the fingers in man Stnng cl 
silvered glass Diameter = 3/i, Resistance = 4000 ohms. Tension = 2 mm. per 
0 001 T jragnification = 2000 times Time in fifths of a second 

Fig 3 Gnmea pig Eleotroneurogram Bram and sciatic nerve Volnntaiy wait. Stnng 
of silvered glass. Diameter = 2 5/z. Resistance = 6500 ohms Tension = 2 mm. pn 
0 001 r Jlagnifioation = 1000 tunes Time in fifths of a second. 


PI.ATE n 

Figs 1 and 2 Frog with bram destroyed Reflex eleotromyogram of gastrocnemins mnsde. 
Temperatnre on the outside 27° Stnng of silvered glass Diameter = 2/i. Besistance 
= 9000 ohms Tension — 08 mm per 0 001 v Am plifier m the circuit. Mechanical 
stimulation of fore hmb Time in one hundredths of a second. 

Fig 3 Frog with bram destroyed Total coolmg Temperature m the oesophagus, 8 / 
Reflex eleotromyogram of gastrocnemius muscle Same stnng as in Figs. 1 and 2 
Mechamoal stimulation of fore hmb Time m one hundredths of a second. 

Fig 4. Frog with bram destroyed Coobng of spinal cord Temperature m the cesophagns 
= 9 6° Reflex eleotromyogram of gastrocnemius muscle Mechamoal atimulation of 
fore hmb Same stnng as m Figs 1 and 2 Time m one hundredths of a second. 



COMPARATIVE EFFECT OF VARIOUS DRUGS UPON 
THE CORONARY CIRCULATION. 


By G Y A^REP yny) B S STACEY (SrJi/'lar of Tnni''j 
Colhgc Cambridge) 

[From the Phgnological Laboratory Cambridge) 

Ik a senes of recent papers a 2 3) a method has been developed for 
registermg the ontfiow of blood from the drained coronary sinus durme 
a single cardiac cvcle bv means of the hot-tnre anemometer The 
records aheadv obtained bv this method show three characteristic waves 
of mcrease m outflow and the relations of these waves to other events 
of the cardiac cvcle have been worked out The first wave is caused 
bv and follows the contraction of the auncle, the second and smallest 
13 related to the isometnc penod of ventncular svstole, while the third 
and largest wave is determmed bv the contraction of the heart dnnng 
the ejection phase It had further been noticed that these three waveT 
which occur under widelv difierent condibons of the heart beat may 
have a verv difierent form. In some experiments they are sharpl'y 
defined m others thev merge one mto another up to a pomt of complete 
fusion. When one or the other tvpe of the coronary outflow was observed 
It would generally peisirt during an experiment, except m prolonged 
experiments m wkch the separate waves show a tendenev to fee 
together The difierence be^een the various tvpes of the coronary 
outflow IS -deP-dent of changes m such circulatory conditions S 
arterial blood-pressure, cardiac output and heart rate 

The question remains as to whether the diflerences m the coronary 
outflow curves depend on the strencri), +i, j i-mouary 

tlou on this pomt The ch^! Tn 

produced bv administration of certam,b!i ?^ t 

and upon the coronarv circulation is aWv'^.o^" 

para"tmu^“rdt^^^^^^ 

bv Anrep, Cruickshank D oTn 

rate was controlled m all inenm Subba RauP) The heart 

experiments by stimulating the nght anncle 

13 
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lu^ed vith one another This change m form of the euxv^ permsted 
aft^'r adjustment of the aortic presBure (Fig 2) The position 



ABC 

r“T — I — I — r— I — f— j — ■■ 

0 ‘ 04 '' 

yi{( 1 Il4Jlnwn, mij)' and f arnH'-d rurveii of wronarj outfl'n rpcord^l by tlio 
Ijot-warr am mi)m' Ur Moan art'oral Moo<l pr<‘’»ur<' OS mm Jig, Hynlomlo output 
If maintninr-d at li'iO r r and tin tnsirt raO” at 150 licata p^r minuO 1, normal 
( urv< , lyironarj bloo<l flirn — 0 45 r t jkt lieat, 2, rfl'-H of ai]r< nalmo (0 01 mgm } — 
<n 1 p c , • ff" V of (jirlKjn dioxid* (7 “I p i ) — 0 05 c.< , A, finit or aunrular -navo, 

n, r'f ond wan rilntMJ to tla n'orn'tne pi nod of vrntncular contraction, 0, third 
wave occumng dunng tli" ij<vtion p"nml 


V avfji in the cycle v as not apjireciahly altered except that the interval 
Ik tv cf n tin aunmilar v ave and the first ventricular v ave was Bhortened 
aft<r adrinahne and hngthenfd after carhon dioxide, a change which 
Ls probahly determined by the elicct of these drugs upon the A.-V con- 
duction* It IS knov n that the strength of the heart heat is affected hy 

' Til' ]K«ition of til' •wavs in tlm ejil wne d'Urmin'-<l m eiiynmenla in which th'. 
coronaiy outflow waa rr-giiil'n-d to^aler with the intra aentncular and aortic pretumre 

13—2 
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The drugs used were adrenaline, carbon dioxide, pituitary extract and 
caffeine These drugs have a definite effect upon the coronary circulation 
as well as upon the heart muscle It is, therefore, impossible, without 
further analysis to decide whether a change m the general appearance 
of the coronary outflow curve which follows the administration of any 
of these drugs is due to a decrease or mcrease m the coronary blood flow 
or to changes m the contraction of the heart In order to distinguish 
between these factors we examined the effect of the drugs, first allowing 
them to exert their full effect upon the heart and upon the coronary 
blood flow, and then under conditions in which the coronary blood flow 
was kept constant by adjusting the aortic blood-pressure TFe could 
thus compare the effect of the drugs at constant aortic pressures and at 
constant coronary blood flows, as wiU be made clear from the descnption 
below 

TAe effect of adrenaline and carbon dioxide Adrenahne diminishes 
the volume of the heart and mcreases the strength of its contraction, 
carbon dioxide acts m the opposite manner, both, however, increase 
the coronary circulation. After a number of records of the normal 
coronary outflow had been obtamed adrenaline or carbon dioxide was 
administered and a second set of records was taken The latter records 
showed the effect of the drug on the cobbre of the coronary vessels 
themselves, they were therefore not suitable for comparison with the 
normal records In order to allow a more direct comparison the aortic 
blood-pressure was lowered to a pomt at which the coronary blood flow 
became equal to that observed before the administration of the drug 
A third set of records was then taken 

In some experiments the effect of the drug was allowed to wear off, 
after which we mcreased the blood-pressure up to a pomt at which the 
coronary blood flow became equal to that observed durmg the effect of 
the drug, a fourth set of records bemg taken 

Ihg 1 shows three redrawn superimposed curves taken from a 
typical experiment a normal curve, a curve after administration of 
adrenahne and a third curve after administration of carbon dioxide 
The three curves are taken at a constant mean aortic blood-pressure 
Fig 2 shows siimlar curves but after adjustment of the blood-pressure 
to a level at which the coronary blood flow was constant m the three cases 

In f.ToR experiment adrenahne and carbon dioxide mcreased the 
coronary circulation to nearly the same extent (Fig 1), the mdividual 
waves of the coronary outflow became more distmct after adrenahne, 
while during administration of carbon dioxide they flattened out and 
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feed one another This change in form of the curves per^d 
after adjustment of the aortic pressure (Fig 2) The position o 



ABC 

r~5 — J — \ \ ^ ' \ \ ^ ' \ 

0 04 '' 

Fig 1 Bedrawd superimposed and corrected curves of coronary outfloiv recorded bv the 
hot OTre anemometer Mean arterial blood pressure 95 mm. Hg systeimc output 
15 mamtamed at 650 c c. and the heart rate at 150 beats per minute 1 normal 
curve coronarv blood flow — 0-45 c-c. per beat, 2 effect of adrenahne (0-01 mgm.) — 

0 73 c c 3 effect of carbon dionde (7 3 p c.) — 0 65 c-c. M, first or auncular wave, 
J3 second wave related to the isometric period of ventncnlar contraction , C, third 
wave occumng during the ejection period. 

■waves m the cycle vas not appreciably altered except that the mterval 
between the auncular wave and the first ventncnlar ■wave was shortened 
after adrenahne and lengthened after carbon dioxide, a change which 
is probably detenmned by the efiect of these drugs upon the A — v con- 
duction* It is known that the strength of the heart beat is afiected by 

' The position of the waves in the cvcle was detenmned m experiments m which the 
coronan outflow was registered together with the mtra ventncnlar and aortic pressure. 

IS— 2 
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considerably smaller concentrations of adrenalme or carbon dioxide than 
IS the coronary blood flow Admimstration of either of the drugs m 



0 04" 

Fig 2 Same experuncnt as m Fig I, but after adjustment of the aortic blood pressure 
so as to mamtaui the coronary blood flow constant 1 nonnal curve, aortic pressure 
95 mm, corona^ flow 0 46 0 c per beat, 2 c5ect of adrenaline aortic pressure 
78 mm , coronary flow 0 46 ao Z ofEeot of carbon dioude, aortic pressure 82 mm , 
coronary flow 0 46 c c 

such small concentrations has a similar but less conspicuous effect upon 
the form of the coronary ontflow curve to administration of the higher 
concentrations In these cases an adjustment of the aortic pressure is 
not, however, required smee the amount of the coronary blood flow 
remains imaffected by the drug 

The effect of pituitary extract and caffeine Pituitary extract and 
caffeine m the doses which were used had only a shght effect upon the 
heart muscle as measured by its diastohc volume Pitmtary extract, 
however, produced a conspicuous diminution and caffeme an mcrease m 
the coronary circulation After leadjustmg the blood-pressure so as to 
maintam the coronary circulation constant we fonnd the curves to be 
nearly supenmposable on the normal cun^es except that after the 
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pitmtary extract the rate of n£e of the mam vrave became somervhat 
slower while after cafieme it became steeper 

Summansing the results of these experiments it can be said that 
■with none of the four drugs used is there anv relation between their 
effects upon the heart muscle and upon the amount of the coronary 
blood flow The following table shows that the changes m the heart 
volume (which at a constant heart rate resistance and output is a 
measure of the strength of contraction (4)) and the changes m the 
coronary blood flow are mdependent of one another The data given 
m the table are taken from an experiment m which the drugs were 
administered m the order shown m the table the blood used m the 
preparation was replaced by fresh blood, after administration of adrena- 
hne and pitmtary extract, and time was allowed for the heart volume 
and the coronarv blood flow to return to normal The weight of the 
heart m this experiment was 62 grm and the amount of blood m circu- 
lation was about 650 c c 

The total output and heart rate were mamtamed throughout the 
experiment at gOO c c and 156 beats per minute respectively 


Adrenaline (M)] mg 
Carbon dionde 7 p c. 
Pihutarr extract 0 1 c c 
(BDh.) 

Caffeme soobnm benzoate 
0 1 gnn. 


Change in heart volnine 
before and after adjnst- 


Change m 

ment of th 

e blocH^ 

Change in mean aortic 

coronarv 

pres>STire 

m c c. 

blood pressure required 

blood flov* 

i 

— ^ 

for adjustment. 

m p c 

Before 

After 

in mm. Hg 

“ S5 

-Si 

-9 5 

From 100 to SO 

- TO 

— 7 5 

-43 

100 „ 87 

— 75 

-2i 

-^7 S 

100 , 145 

-Uj 

-1 6 

— 4 5 

- 100 „ 65 


Althougb there is no relation between the effect of these drugs upon 
(a) the amount of coronary blood flow and (6) the strength of contraction, 
the latter determmes the character of the outflow curves "When the 
heart beat is strengthened by administration of adrenaline the waves of 
the coronary outflow are sharply defined, whereas when it is weakened 
bv carbon dioxide the separate waves fuse together The effect of 
pitmtary extract and caffeme m the doses used is m this respect negh- 
gible But larger doses of pitmtary extract have an effect siimlar to 
that of carbon dioxide, while large doses of caffeme produce changes 
similar to adremUne 
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SUMMABY 

From the study of the effects on the heart of adrenalme, carbon 
dioxide, pituitary extract and caffeine it is concluded that the effect 
of these drugs upon the strength of heart beat as measured by the heart 
volume bears no relation to their effect upon the amount of coronary 
blood flow But the form of the coronary outflow curves is dependent 
on the strength of the cardiac contraction, the three characteristic waves 
bemg accentuated durmg the mcreased strength of contraction produced 
by adrenalme and obbterated durmg the weakened contraction as a 
result of admimstration of carbon dioxide Small doses of pitmtary 
extract and caffeme produce a negligible effect on both the strength of 
contraction and the form of the coronary outflow curve 

The expeiises of this research \rere defrayed from a grant by the Medical Eesearch 
Cotmcii held by one of os (Q V A ) 
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IS THERE ‘‘TRANSITIONAL DECREMENT” 

IN NARCOTISED NERVE’ 

Bt G KATO axd D TEBUUCHI 

{From the Physiological Institute, Keio Vimersity, Tolyo) 

Is 1923 one of fke present -mritersa) made the first report on the de- 
crementless condnctron jn a narcotised region oi nerve Tvro kmds of 
results nete obtamed on this problem bv espemnents in a narcotising 
chamber They are as follow 

A The time required for suspension of conduction from an outside 
electrode is not dependent upon the length oi narcotised nerve, if the 
narcotised region is longer than 6 mm 

B On the other hand, the tune is dependent upon the length of 
narcotised nerve, if the narcotised region is shorter than 6 mm (“limit- 
length ’) m other words, below the “limrt-length,” the shorter tie 
narcotised region, the longer tune is required to suspend conduction 
These two facts were demonstrated at the Xllth International 
PhTsiological Congress at Stockholm 

The result A mdicates that there is non-decremental conduction m 
a narcotised region of nerve under the stated condition And as to the 
result B we offered the following explanation The whole nerve within 
the narcotising chamber is m the same condition, and therefore, theoreti- 
cally speaking, the depth of narcosis ought to he uniform over the entire 
length of nerve withm the chamber But this is not tbe case m reality 
as it will be seen m Big 1 The parts of nerve near the edge of the 
narcotismg chamber receive the influence from the normal part outside, 
for instance bv the diffusion of the narcotic out of the chamber along 
the fibres and bv the mward diffusion of the normal tissue flmd or of 
Ringer’s solution along the fibres from outside, givmg a gradient of 
concentration of narcotic so that full depth of narcosis is onlv reached 
at a distance of abont 3 mm from the chamber walk The gradient of 
narcosis thus made mav be represented diagrammaticallv by Fig 1 
The Fig 2 shows the case m which the “Imut'-length” is narcotised 
If, therefore, the stretch of nerve to be narcotised is sufficientlv short, 
no part of the nerve withm the narcotismg chamber can be free from 
the influence from the normal parts above aud below as it is shown in 
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Fig 3, and the narcosis would proceed only to the point P at the stage 
of narcosis at which it would have proceeded to P in a longer region 



Fig 2 



Fig 3 


Thus the narcosis proceeds always slower in such a short region than 
in a longer one If we assume that the depth F of narcosis is needed 
for ahohtion of conduction from the outside electrode, then a longer 
tune 18 reqmred for it m a shorter region, because the narcosis has to 
proceed from P to P The “hunt-length” is about 6 mm m the case of 
2 0-3 0 urethane or cocame solution 

This point has, two years later, received an erpenmental proof by 
T HayashKS) who has determined the excitabihty of nerve wrbhm and 
without the narcotismg chamber by means of a sharply locahsed me- 
chamcal stimulus 

Previous to Hayashi’s experiment, A Forbes and his collabo- 
rators (3), who also have proved the non-decremental conduction m a 
narcotised region with mammahan nerve, suggested the alternative 
possibihty of “transitional decrement,” saying that on passmg from 
normal to narcotased nerve the impulse does not fall immediately to 
the lower level characteristic of narcosis, but is conducted with a decre- 
ment for a short distance before reaching its new level, although the 
local response at every mdividual point on the narcotised nerve is 
stnctly all or none This suggestion seems apparently to agree with the 
results of Drury(4) and of Cattell and Edwards(5) 
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Fig 3, and the narcosis wonld proceed only to the point P at the stage 
of narcosis at which it wonld have proceeded to F in a longer region 



Fig 2 



Fig 3 


Thus the narcosis proceeds always slower in such a short region than 
in a longer one If we assume that the depth F of narcosis is needed 
for ahohtion of conduction from the outside electrode, then a longer 
time IS required for it m a shorter region, because the narcosis has to 
proceed from P to F The “hrmt-length” is about 6 mm m the case of 
2 0-3 0 urethane or cocame solution 

This pomt has, two years later, received an experimental proof by 
T Hayashi(2) who has detenmned the excitabihty of nerve withm and 
without the narcotising chamber by means of a sharply locahsed me- 
chamcal stimulus 

Previous to Hayashi’s experiment, A Forbes and his collabo- 
rators (3), who also have proved the non-decremental conduction m a 
narcotised region with mammahan nerve, suggested the alternative 
possibihty of “transitional decrement,” saying that on passmg from 
normal to narcotised nerve the impulse does not fall immediately to 
the lower level characteristic of narcosis, but is conducted with a decre- 
ment for a short distance before reachmg its new level, although the 
local response at every mdividual point on the narcotised nerve is 
strictly all or none This suggestion seems apparently to agree with the 
results of Drury(4) and of Cattell and Edwards(5) 
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Whether the result B is due to the diffusion factor or to “transi- 
tional decrement” is a problem of much mterest, although Hayashi’s 
results offer important evidence m favour of the diffusion factor To 
answer this question we have chosen dye solution and used it with or 
without narcotic instead of usmg a simple narcotasmg solution alone, 
because by this means we can judge the distribution of the dye withm 
the nerve by the depth of its stammg 

Exp 1 The nerve muscle preparation NM was drawn through the 
narcotismg chamber m the usual way as we do m narcotising chamber 
experiment (see Big 4) The chamber (with 1 mm thick wall) was then 
filled with 2 0-2 6 p c urethane-Emger’s solution which contains 1 0 p c 
methylene blue or 2 0 p c carmme After the conduction failed from 
the outside electrode, the part of nerve near the edge of the narcotising 
chamber was cut m serial transverse (or longitudmal) sections, each 
piece bemg 16-18 microns thick One example m which carmme was 
used as a dye is given m Fig 4 It will be seen that, on one hand, the 
dye diffuses out of the chamber more than 3 mm and on the other 
hand, the nerve mside the chamber is not stamed m equal depth 
The colour becomes gradually deeper as the distance from the chamber 
wall mcreases imtil it reaches a full depth at about 3 6 mm from the 
chamber wall From numerous experiments made m this way with 
vanous concentration of the dye, it was found that the distance withm 
which the influence from the normal part (t e gradient of narcosis) can 
be detected m the chamber becomes gradually greater as the concen- 
tration of the dye is decreased 

Another example is given m Fig 5 m which methylene blue is used 
as a dye Fig 6 shows a longitudmal section of the nerve at the edge 
of the narcotismg chamber We see the s imil ar diffusion phenomenon 
here as m the transverse section 

Exp 2 Two nerve muscle preparations taken from the same toad 
were passed through the same narcotismg chamber such as shown m 
Fig 7, so that one nerve was exposed to the narcotismg solution (con- 
tainmg dye) for a length of 20 mm , and the other for a length of only 
4 mm (below the “hmit-length”) At the stage of narcosis at which 
the conduction faded m the longer region — ^the conduction does not yet 
fad m the shorter region, because it is below the “ hmit-length ” — the 
two middle parts (m and n) of the both narcotised regions were taken 
out of the narcotismg solution and were exammed m serial transverse 
sections It will be seen m Fig 7 that the middle part m m the shorter 
stretch is not so deeply stamed as the middle part n m the longer 
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stretcli This result is in complete agreement ivith what we have ex- 
pected from Figs 1 and 3 

From these results it can safely be concluded that the quahtatively 
same phenomenon occurs as to the diffusion of narcotic, although it 
may differ quantitatively Moreover, H Tamura made an mterestmg 
observation that the “ limit -length” is different accordmg to the kmd of 
narcotic used and that it mcreases as the concentration of narcotic 
decreases, for instance m case of the chloretone 

0 5 p c i mm 0 2 p c 8-9 mm 

0 3pc 6 mm 0 12 pc 10-11 mm 

In the case of abohtion of conduction m isotomc sugar solution 
(without salt), the “hmit-Iength” is not less than 15 mm 

From these facts and also from the experimental results described 
elsewhere (2), we conclude that the result B m question can easily be 
explamed by the diffusion factor alone, without assuming “transitional 
decrement ” 

SUMMAKY 

The experiments m the narcotismg chamber show two kmds of 
results 

A The tune required for suspension of conduction is not dependent 
upon the length of narcotised nerve, if its length is longer than 6 mm 
B The tune is dependent upon the length of narcotised nerve, if 
its length IS shorter than 6 mm 

The result A represents the non-decremental conduction m narco- 
tised region And as to the result B two kmds of explanation are sug- 
gested, a diffusion factor and a “transitional decrement ” To determme 
this alternative a dye solution was used instead of usmg a simple 
narcotismg solution, and the part of nerve near the edge of the narco- 
tising chamber was exa min ed m senal transverse or longitudmal section 
From the microscopical preparations thus made it was concluded that 
the result B can easily be explamed by the diffusion factor alone, with- 
out assummg “transitional decrement ” 

REFERENCES 

1 Kato G The theoiy of decrementless condaction m narcotised region of nenc 

pp 10-30 Tokyo, 1924 

2 Kato G The further studies on decrementless conduction pp 48-62 Tokjo 1926 

3 Forbes, A and his collaborators. Amer Joum. of Physiol 76 p 448 1920 

4 Drury, "a. N This Joum. 69 1924. Heart 12 1925 

5 Cnttell and Edwards, D J Amer Joum. of PhyaioL 80 p 427 1027 



proceedings 

OF THE 

PHYSIOLOGICAL SOCIETY, 

October 15, 1927 

The concentration of CO, in successive portions of an expired 
breath By E S Attkex and A E Clark-Kexxedy 

{Medical Unit, The London Hospital ) 

At its December meetmg last year we demonstrated to the Society 
an apparatus which, was designed to divide up a single expired breath 
mto six successive portions The breath is taken during the tenth 
mmute of moderate work on a bicvcle ergometer, and vanes from 
2 to htres in size The six portions are measured and analysed for 
oxvgen and CO,, and their CO, concentrations are plotted against them 
volume, a smooth curve is drawn through the rectangular steps repre- 
sentmg the successive portions, as shown m the figure 

A considerable number of experiments of this kind has been done 
It IS found that the experimental curve has a typical form an S-shaped 
rise from the ongm up to 1000 or 1200 c c , followed by a straight 
portion slopmg gently upwards The S-shaped portion represents 
alveolar air diluted with fresh air from the dead space (instrumental 
plus physiological), the straight portion represents undiluted alveolar 
au In this type of breathmg, then, the alveolar CO. concentration 
durmg more than half the expiratorv phase is nsmg at a steady rate 
It seems fair to assume that durmg the earher part of expiration it also 
rises at the same rate, m that case it can be represented by a backward 
prolongation of the straight portion of the experimental curve, t e by 
the dotted hne BD m the figure If the length BD be such that the area 
FDC& equals the area OABCG (each area representing the amount of 
COi m the whole breath), then D mdicates the alveolar CO, concentration 
at the begmmng of expiration Moreover, the distance OF represents the 
■volume of the total dead space In the same fashion, the straight 
portion of the experimental curve can be prolonged to the right to E 
over a distance equal to OF , to represent the CO, concentration of the 
air left m the dead space at the end of expiration DE then represents 
the changing ah eolar CO, concentration throughout this expiration , m 
the breaths we have mvestigated the nse is about O-o p c CO, per htre 
of air expired 
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The raid-point of BE is the average COj concentration during 
expiration In a 3-htre breath, it is about 0 6 p c lower than the CO 2 
concentration of the last 10 c c of the breath, which are regarded by 
Yandell Henderson(i) as average alveolar air, and are collected by Lis 
automatic sampler and by Clark-Kennedy and Owen’sP) modifi- 
cation of it 



The concentration of CO, in sucoeasive portions of an expired breath 
OABC Eiperunental curve 

JOE Deduced curve representing alveolar COj during expiration 
Duration of expiration 1 77 secs 

Taken during work COj output 2100 c c per nun. at 37“ 

The physiological dead spaces obtamed by the above method he 
between 280 c c and 392 c c , and m rune experiments on one subject 
they show a defimte relationship to the volume of the tidal an (m the 
last mmute of the experiment), bemg greater when the breathmg is 


deeper, as shown m this table 


Exp No. 

Average Tidal Air 
ac. at 37° 

Physiological 
Dead Space 
ac. at 37° 

18 

1890 

283 

20 

1930 

290 

19 

1940 

280 

23 

2366 

287 

22 

2371 

296 

24 

2760 

327 

21 

2880 

361 

26 

3410 

378 

25 

3620 

392 


These values for the dead space are somewhat lower than those 
which were found by Douglas and Haldanep) durmg exercise, they 
are considerably higher than those of Krogh and LindhardO) 


1 Henderson and Haggard. Amer Joum. Phys. 73 p 193 1925^ 

n Clark Kennedy and Oven. Quart Joum Med 20 p 383 1927 

3 Douglas and Haldane This Joum. 45 p 235 1912 

4 Krogh and Lindhard. This Joum. 47 p 30 1913-14 
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Observations upon the respiratory exchange, temperature and 
sugar in the blood of ansBsthetised animals ByE T Contbeaee, 

BL B A. E, Deksham, M Maizels and il S Pembret 

A senes of observations bas been made upon rabbits before, durmg 
and after amestbesia produced by urethane or ethylene 

Sugar in the blood The values are gn en m mgm per 100 c c , the 
blood was drawn from the auncular vein. 

ingiD of fiogar of No of 

per 100 C.C. of blood observations animals 

Before anffisthesm Fasting 105-152 9 9 

, Fed 105-200 IS 18 (JI ) 

„ „ 90-200 -40 7 (D ) 

During ancesthesia produced by urethane a rise m the sugar of the 
blood was observed m each case, and, as a rule, was as great m the 
fastmg rabbits as that observed in the well-fed animals The mcrease 
was greater when the antesthesia was deep 

Urethane 
anesthesia 

Light 

t 

Deep 

rt 

The rectal temperature fell durmg antesthesia , the lowest record was 
26 8° m a rabbit with the sugar of the blood raised to 456 after 24 hours’ 
ansesthesia As a rule the lowest temperatures were associated with the 
highest values for the sugar m the blood and the lowest values for the 
respiratory exchange 



Sugar m 
blood 
before 
anesthesia 


Ethylene Ancesthesia 

Average sugar Average rectal 

m blood temperatnxe Tolerance to 

dutmg during sugar during 

aiuesthesia an®sthesia anresthesia 

37 6° Decreased 

305 33 4® 

36 5® Decreased 

255 32-0® 

130 37 2® Increased 

35 5® Decreased 


Average rectal 
temperature at 
the tune of the 
tesfcfor tolerance 


men the rabbit remamed under the influence of urethane the sugar 
m the blood was mamtaiued at a high level durmg the second and thud 

62 
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days, even in the case of animals which had fasted before the mjection 
of the drug 


Condition 

WeUfed 


Fasi 


ting 


Maxunmn of sugar m the blood 


let day 

2nd day 

\ 

3rd day 

Aurratheaia 

343 

284 

— 

Deep 

426 

260 




316 

180 

110 


340 

290 

176 

Light 

318 

230 

205 

Deep 

266 

348 



444 

430 




313 

436 

260 


442 

366 




262 

369 

— 

Light 

266 

440 

— 


304 

340 

— 

Deep 

260 

250 

— 

Light 

323 

294 

— 

420 

340 

330 

Deep 


A few observations have been made on the sugar passed m the nnne 
and the amount of glycogen m the bver under different conditions of 
anasthesia One rabbit weighmg 2 2 kgm excreted 3 3 grm of sugar 
in 48 hours of anaesthesia, another 3 5 grm m 36 hours 

A large number of observations upon the influence of anaesthetics 
on the respiratory exchange has been made, there are special (MBculties 
with ether and ethylene The foUowmg is an example of the effects of 
urethane, the periods are for 1 hour 



H,0 

CO, 

0, 

CO, 

Rectal 

tern 

Sugar in 
blood mgm 


Tune 

grm. 

gnu. 

gnu. 

0. 

perature 

m 100 0 0 . 

Remarks 


1 60 

2 66 

2 08 

0 93 

38 6° 

131 

Before mj eotion, well 
fed rabbit, weight 
1 7 kilo 

After 4 hours 
under drug 

0 79 

2 24 

1 77 

0 91 

36 

230 

266 

Deep anaeathesia 

23 hours 
under drug 

0 73 

1 13 

1 28 

065 

36 

300 


28 hours 
under drug 

106 

142 

136 

0 70 

31 

348 

’ 


There appears to be evidence of the production of sugar from fat 


The difference of jpH between plasma and red cells 

By A C Hampson and M Maizels 

Experiments were undertaken to determine the pH of the plasma 
and of the red cells m normal subjects and m certam cases of anaemia 
Blood was drawn from a vem and allowed to run under parafEn m 
a centnfuge tube Heparm was used as an anti-coagulant The blood 
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^as centrifuged and the pK of the plasma was determmed at room 
temperature by means of the glass electrode The cells were laked by 
freezing and brought to room temperature The pH was then determmed 
In normal mdividuals the followmg results were obtamed 


Table L (7=20’ C) 



pH of plasma 

pH of ceUs 

Difierence 

1 

7 485 

7 382 

0103 

2 

7 490 

7 398 

0 092 

3 

7 530 

7 421 

0109 

4 

7 535 

7 421 

0114 

5 

7 490 

7 385 

0 105 

6 

7 500 

7 415 

0 085 

7 

7-490 

7-420 

0-070 

$ 

7 472 

7 421 

0-051 

9 

7 422 

7 330 

0 092 

10 

7 490 

7 370 

0 120 

llean 

7 490 

7 300 

0-094 

In patients sufiermg from 

permcious ansemia similar estimations 

were made and m 

addition, the percentage of hsemoglobm m the blood 

and the amoimt of bdirubm m the plasma was 

Table n. (7=20’ C) 

determmed (Table II) 

pH of plasma 

pH of cells 

Difference 

p 0 . Hb V d- Bergh’s test 

1 7 665 

7 182 

0-483 

20 4- -L + 

2 7485 

7 0S2 

0-403 

50 -4- -4- 

3 7 505 

7 228 

0 277 

20 +(-f) 

4 7 450 

7 221 

0-239 

80 -1- 

6 7 490 

7 288 

0-202 

90 (^) 


Several cases of acholunc jaundice were also exammed , the fragility 
to hypotomc s alin e being also determined — 


1 

2 

3 

4 


Table m. (7=20’ C ) 


Fragility to 
Hypotonic Baline 


[ plasma 

pH cells 

Difierence p c. Hb 

T d. Bergh’s 
test 

/■ ■ 

Began 

po. 

_-A, 

Complete 

pc- 

7-488 

6 981 

0-507 88 

4- 4- -4- 

0 72 

0 45 

7 420 

7-012 

0 408 52 

4- 4- 

0 78 

0-45 

7 472 

7 120 

0 352 65 


0 68 

0-39 

7 474 

7 174 

0 300 60 

o. 

0 66 



ThepHreadingsweretakenatroomtemperature, but, asC J Martm 
has shown, the correction for temperature is probably the same for cells 
and plasma The difierence m pH between cells and plasma at room 
temperature may, therefore, be taken as being the same at body tem- 
perature 

It will be noted that m normal subjects, the average difierence of 
pH between cells and plasma was 0 094, the extremes bemg 0 051 
and 0 120 The cells -were more acid. 
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In five cases of pernicious anasnua, the pH difference varied between 
0 20 and 0 48. 

In four cases of acbolunc jaundice, the pH difference varied between 
0 30 and 0 50 

A further case of acbolunc jaundice, not included in Table III, was 
examined This case had been treated by splenectomy and had so 
improved as to appear almost normal The heemoglobm was 98 p c , and 
the van den Bergh test was negative, although sbght hsemolysis occurred 
m 0 60 p c salme The pH difference m this patient was 0 122 — hardly 
above normal 

In two cases of non-haemolytic aniemia, the pH differences were 
0 037 and 0 120 respectively 

In the hsemolytic conditions, the difference of pH between cells and 
plasma was mcreased as compared with the normal this difference 
varying directly with the degree of hremolysis (as estimated by the 
van den Bergh reaction for bihrubm), and not with the degree of 
ansBima, nor with the alteration of fragihty of the red cells to hypotomo 
sahne 

In the heemolytic conditions, the mcreased difference of pH was due 
to the red cells bemg more acid, the pH of the plasma bemg withm 
normal hmits — except m case 1 of Table II, where the patient was 
markedly dyspnceic and the plasma was more alkabne than normal 


The effect of injections of pituitary eictract, adrenalin and 
insulin on Ketonuria By J H Bubn and H W Lme 
(Preltminary communication ) 

Eats, weighing from 100-150 grm , have been kept m metabolism 
cages of the Hopkins pattern, and fed on a diet of filtered butter 
WigglesworthP) showed that m this condition rats develop Ketonuna, 
which attains a maximum about the third day, and which for the most 
part disappears by the sixth day The acetone bodies have been estimated 
m the urme by the method of van Slyke<2) 

We find that the Ketonuna produced vanes m amount according to 
the time of year It is greatest m May and June, and least in wmter 
Co ri and Cori(3) have observed a similar seasonal vanation m the Keto- 
nuna occurring m fastmg rats 

We have found that, m May and June, mjections of pitmtary extract 
(1 nmt per rat given four times a day), on the second and followmg days 
of the fat diet, greatly dimmish or inhibit the Ketonuna 
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Injections of adrenalin (0 01 mgm. per rat given fonr times a dav) have 
the same action All experiments m irhich mjections were made were 
controlled by observations on the same animals m a second penod of fat 
feedmg after an mterval of three weeks It is not easy to demonstrate 
any inhibitory action of pitmtarv extract on the small Ketonuna which 
occurs m wmter 

Y\e have some evidence, which is mcomplete, that a smgle mtra\ enous 
mjection of 0 3 mgm thvroxme on the first dav of the fat (bet mhibits 
the Ketonuna also 

In snrpnsmg contrast to these effects is the effect of mjections of 
in<m1in Injections varymg from 0 2 to 0 4 umt per rat have been given 
four times a day on the second and thud days of the fat diet These m- 
jections have been enough to produce collapse though onlv rarely con- 
vulsions 

As a result, the second day Ketonuna is almost alwavs mcreased the 
mcrease being m the neighbourhood of threefold The third day Keto- 
nuna IS also usually mcreased but often it is less m amount than on the 
second day (whereas m the absence of mjections a thud dav maximum 
IS the rule) "When on the fourth day no msulm is given, the Ketonuna 
usuaUv diminishes at an abnormally rapid rate, and remains very small 
on the fifth day In the absence of more mjections a second penod of 
Ketonuna supervenes on the sixth and seventh days, disappearing agam 
on the eighth dav This second penod can be suppressed bv mjections of 
adrenahn or pitmtary extract, but not bv mjections of inCTibn The second 
Ketonuna is not observed m wmter 

(1) 'Wigglesvorth, Biochem. Jcram. 18 p. 1203 1924. 

(2) van Slvke Jonm. BioL Chem. 32. 1917 

(3) Con and Con. Jonm. BioL dem. 72 p 615 1927 


The compensation by the skin vessels during over-ventilation 
in man By E A. Colueb, H. B A K Des-sham and H IVells 
(King’s College, London ) 

D ale and Evans found a considerable fall m systemic blood-pressure 
on over-ventdatmg anssthetised cats Yandell Henderson has re- 
corded a sumlar change m dogs, but m man he has found that there may 
be httle or no change m the blood-pressure 

These results having been confirmed, it seemed to be of mterest to 
detenmne what factor is responsible for the mamtenance of the blood- 
p^sure m over-ventilation m man Yandell Henderson has shown 
that It IS not the heart, so that it is presumably the blood vessels 
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In five cases of peimcions anaemia, tie pH difference varied between 
0 20 and 0 48. 

In four cases of acliolunc jaundice, tie difference varied between 
0 30 and 0 50 

A furtber case of acholunc jaundice, not included m Table IH, was 
examined This case had been treated by splenectomy and had so 
improved as to appear almost normal The haemoglobm was 98 p c , and 
the van den Bergh test was negative, although shght heemolysis occurred 
m 0 60 p c salme The pH difference m this patient was 0 122 — ^hardly 
above normal 

In two cases of non-hiemolytic amemia, the pH differences were 
0 037 and 0 120 respectively 

In the hjemolytic conditions, the difference of between cells and 
plasma was mcreased as compared with the normal this difference 
varying directly with the degree of haemolysis (as estimated by the 
van den Bergh reaction for biimibm), and not with the degree of 
ansemia, nor with the alteration of fragihty of the red cells to hypotomc 
salme 

In the hsemolytic conditions, the mcreased difference of pH was due 
to the red cells bemg more acid, the pH of the plasma bemg withm 
normal Imuts — except m case 1 of Table II, where the patient was 
markedly dyspnoeic and the plasma was more alkalme than normal 


The effect of injections of pituitary extract, adrenalin and 
insulin on Ketonuria By J H. Burn and H TV Liwo 
{Prehmintiry commumcation ) 

Eats, weighing from 100-160 grm , have been kept m metabolism 
cages of the Hopkins pattern, and fed on a diet of filtered butter 
WigglesworthU) showed that m this condition rats develop Ketonuna, 
which attains a maximum about the third day, and which for the most 
part disappears by the sixth day The acetone bodies have been estimated 
m the uime by the method of van SIyke(2} 

We find that the Ketonuna produced vanes m amount accordmg to 
the tune of year It is greatest m May and June, and least m winter 
Co ri and Cori(3) have observed a sunilar seasonal vanation m the Keto- 
nuna occurring m fastmg rats 

We have found that, m May and June, mjections of pituitary extract 
(1 umt per rat given four times a day), on the second and followmg days 
of the fat diet, greatly dimmish or inhibit the Ketonuna 
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Injections of adrenalin (0 04 mgm per rat given four tunes a dav) have 
the same action All experiments m which mjections were made were 
controlled hj observations on the same animals m a second period of fat 
feeding after an mterval of three weeks It is not easv to demonstrite 
anv mhihitorr action of pituitarv extract on the small Ketonuna which 
occurs m wmter 

We have some evidence, which is mcomplete, that a smgle mtravenous 
mjection of 0 3 mgm thvroxme on the first dav of the fat diet mhibits 
the Ketonuna also 

In surprising contrast to these effects is the effect of mjechons of 
ingnhn Injections varvmg from 0 2 to 0 4 umt per rat have been given 
four tunes a dav on the second and third days of the fat diet These m- 
jections have heen enough to produce collapse though onlv rarelv con- 
vnlsions 

As a result, the second day Ketonuna is almost alwavs mcreased, the 
mcrease being m the neighbourhood of threefold The third dav Keto- 
nuna IS also usually increased but often it is less m amount than on the 
second day (whereas m the absence of mjections a thud day maxunum 
IS the rule) When on the fourth day no insulm is given, the Ketonuna 
usually diminishes at an abnormally rapid rate, and remains verv small 
on the fifth day In the absence of more mjections a second penod of 
Ketonuna supervenes on the sixth and seventh davs, disappearmg agam 
on the eighth day This second penod can be suppressed bv mjections of 
adrenalm or pituitary extract, but not bv mjections of "Ilie second 

Ketonuna is not observed m wmter 

(1) Wigglesworth. Biochem. Joom. IS p. U!03 1924. 

(2) vanSlvke. Jonm. Biot Chem, 32. 1917 

(3) Con and Con. Jonm. BioL Cbem. 72. p 615 1927 


The compensation hy the skin vessels during over-ventilation 
in man By E A. Colleeb, H. B A E Dexshau and H. M Wells 
{King’ s CoUege, London ) 

Dale and Evans found a considerable fall m systemic blood-pressure 
on over-ventilatmg anasthetised cats Yandell Henderson has re- 
corded a similar change m dogs, but m man he has found that there may 
be httle or no change m the blood-pressure 

These results having been confirmed, it seemed to be of mterest to 
determme what factor is responsible for the mamtenance of the blood- 
pressure m over-ventilation m man. Yandell Henderson has shown 
that It IS not the heart, so that it is presumably the blood vessels 
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Dale and Evans showed that over-ventilation of an anaasthetised 
cat IS associated with an increase m the volume of its limbs Nahun 
showed that there is a decrease m limb volume when a normal man over- 
ventilates, while Stewart found a decrease m the circulation through 
the band, and W ells found a fall m the electrical resistance of the skm 
under the same circumstances 

It appeared then that the vessels of the skm play some part m 
mamtammg the blood-pressure durmg over-ventdation m man. This 
hypothesis seems largely confirmed by the fact that, m an mdividual 
whose blood-pressure normally rises on over- ventilation, there is a fall 
m blood-pressure when the skin vessels are mactivated by rmmersmg 
him m a bath at either 15° C or 40-46° C 

In the chloralosed cat compensation by the skm vessels appears to 
be absent, as judged by absence of a reduction of limb volume or of 
electrical resistance of the skm, but this is not due to a loss of excitabihty 
of the cutaneous vessels due to anaesthesia since they react to adrenalme, 
to alkah and, reflexJy, to sensory stimulation, as shown by the same 
methods 

In such an animal there must be, therefore, an absence of some 
Btunulation which excites cutaneous vaso-constnction m man durmg 
over-ventilation 

The only possible s timuli not present m the chloralosed cat are those 
concerned with the active forced respirations, which it is suggested 
brmg about constriction of the vessels of the skm m man durmg over- 
ventilation and mamtam the blood-pressure 


The influence of ether anffisthesia upon the gaseous composition 
of blood By N E Pitt {Prelnmnary Hote) 


The oxygen of artenal blood is found to be lowered about two 
volumes per cent There is a rapid fall m the O 2 as soon as anaesthesia 
IS mduced and durmg the state there is some variation according to 
the depth of anffisthesia — when the rabbit is more deeply under the 
ansBsthetio the Oj falls stdl lower 


10 

JNonnal animal 
Taght anEEstheaia 

Deep antesthema 

jEecovery 


T 0 I 3 per cent. 
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39 3 

16 0 

I 4 
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The fall of 0, content cannot be removed entirelv ^vhen 60 p c of 
0, IS given mth the mspired vaponr, but vath 80 p c Oj it entirely 
disappears 

Ether anesthesia (after the effect of mduction has passed off) causes 
a lowering of the CO, ^ alue, usually to the extent of o to 10 vols per cent , 
and the fall varies mversely with the depth of anesthesia, i c light 
anesthesia is marked bv a low CO. value and deep anesthesia mvolves 
a high CO. In deep anesthesia the CO. % alue may exceed the normal 

The high CO. values found by previous obseners m cases of chloro- 
form anesthesia correspond to the deeper stages of ether anesthesia 

The extent of the lowermg of 0. content is too great to be explamed 
entirely as a result of shallow respiration, more especially when the 
occurrence of such low parallel CO. readmgs is taken mto account In 
view of this the rate of gas exchange of normal and anesthetised blood 
was compared (A constant volume of air was bubbled through a 
constant quantity of blood m 30 seconds and the blood gases were 
measured before and after ) These experiments demonstrated a de- 
creased rate of absorption of 0. (about one-third normal) and an m- 
creased rate of loss of COj (about three tunes normal) m the amesthetised 
blood 

Exp 15 Vols of gas per cent, in blood 



CO. 

0. 

A 

N, CO. 

0. 

— r' 0. 

N. gam 

CO. 

loss 

Xormal 

52 0 

14 7 

1 6 503 

16 8 

17=21 

1 7 

Etherised 

•41 0 

14 5 

1 6 ^ 344 

16 2 

18 = 07 

CG 


Comparing plasma and blood, the rate of CO, loss is much greater 
in plasma, ? e the cells normally exert a hindering effect on excessive 
COj loss Thus the effect of ether on this rate of COj loss can be classified 
under the headmg of “decreased activity of the cell ” 

Exp 19 

Normal blood lost 1 5 vols. jier cent. CO, by air treatment 
Its plasma lost 6 5 vols percent CO, by air treatment 


The preparation of oxyheemoglobin crystals from ox blood 

By ’W’n.'FEiD Mabshaul 

A reliable method of preparing oxyluemoglobm crystals m quantity 
from ox blood has not been described Hoppe-Seyler’s method is 
tedious and with slaughter-house blood, except that of the pig, is not 

satisfactory Most of the uksome mampulations are unnecessary It is 

desirable to work at as low a temperature as as convement, but the 
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preliminary work may be earned out at room temperatures, tbe ether 
may be advantageously used m place of part of tbe alcohol to aid crystal- 
bsation, and the stay m the separator need not be unduly prolonged 
The most objectionable feature of Hoppe-Seyler’s method, however, 
is the use of undiluted alcohol When added to an ox blood solution, 
however slowly, to one-third the volume recommended, it causes con- 
siderable decomposition of the hsemoglobm The use of diluted alcohol 
greatly diminis hes this change The following method was foimd to give, 
on the whole, the best results • 

Simplified Method Centnfuge the ox blood Remove the serum and 
wash the residual corpuscles three tunes with 1 p c salt solution Measure 
the separated corpuscular mass and add an equal quantify of tap water, 
shake weU Place the mixture m a separator , add an excess of pure ether , 
shake and allow to stand overmght for separation to occur Run off the 
bottom clear solution, add to this by rapid droppmg dunng constant 
agitation, half its volume of a mixture of 70 parts commercial alcohol 
(96 p c ) and SO parts ether-saturated water Allow to stand half an hour , 
filter Put the filtrate mto a refrigerator or vacuum-freezer at — 6° C 
Crystals separate within 24 hours and a large crop is obtamed m 2-3 days 
If time IS pressing, the lower part of the blood mixt ure may be run 
off after about 2 hours’ stay m the separator and filtered, and the diluted 
alcohol then added The maximum concentration of alcohol which the 
mix ture will tolerate without apparent change is 16 p c This strength, 
obtamed by ruimmg slowly mto the blood solution half its volume of 
50 p c alcohol m ether-saturated water, however, gives only a small 
yield of crystals and occasionally produces shght turbidity on standmg 
which mterferes with crystaUisatiom 

A further crop of crystab can be obtamed from mother hquors by 
addmg shght excess of pure ether and retummg to the refrigerator 
The moist crystals at room temperatures, or shghtly above, dissolve 
m httle more than their own weight of water Recrystahisation is effected 
by pourmg off the supernatant fluid, washmg the crystals rapidly with 
ice-cold ether-saturated water, meltmg the crystalhne mass by the warmth 
of the hands or of tepid water, filtermg to remove any trace of amorphous 
material, and replacing m the refrigerator The second crop of crystals 
IS collected on a porous tde and, after the excess of fluid has (framed off, 
the crystals are <frssolved m the smallest quantity of water and the solu- 
tion, after filtermg, is kept at a temperature of approximately 0° C 
Preezmg of the hqmd must be avoided 

The crystals may be kept m a moist state m a closed vessel filled with 
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oxygen, for conBiderable periods mth but sbgbt cbnnge to methoemo- 
globin If oir-dned, tbe crystnls are converted into metbismoglobm but 
retain their form Dned m a desiccator over sulphuric acid they are 
changed to a substance giving a broini solution vath no charactenstic 
absorption bands 

Benzene, chloroform, methyl, propyl, or other alcohols as adjuvants 
to, or substitutes for, ethyl alcohol ofier no advantages 


Effect of drugs on protein content of cerebro-spinal fluids 
of rabbits By L F Heivitt and H Florey 

In the course of some other investigations it became desirable to 
know whether the permeabibty to protems of the cerebral blood vessels 
could be altered by the admimstration of drugs 

The procedure adopted for the collection of the cerebro-spmal fluid 
was devised to avoid any possible blood contamination The rabbit was 
rapidly killed by chloroform and its head then fixed m a flexed position 
so as to put the postenor atlanto-occipital membrane on the stretch 
A longitudinal incision was made m the mid-line down to this latter 
structure and the muscles retracted so as to bare it The membrane was 
thoroughly dned with cotton-wool A small hole was then burnt through 
it by means of a red-hot needle Through this hole the flmd — qmte clear 
and blood free — was sucked mto a dry glass pipette This method of 
collection was found to yield about 1 c c of flmd 

The foUowmg drugs were used m an endeavour to increase the 
protem content — paraphenylenediamine, urotropme, pdocarpme and 
histamme 

Parophenylenediamme gives a remarkable oedema of the head and 
neck which has been found to be due to the escape of whole plasma from 
the blood vessels concerned (Tainter andHanzlik) It was thought 
that this drug might alter the cerebro-spmal capdlaries in the same way 
Urotropme passes mto the cerebro-spmal flmd and it is claimed by 
de Arne and Millet, who used a precipitm tecbmque, that the per- 
meabihty of the capiUanes is also mcreased slightly Pdocarpme is a 
“lymphogogue,” and histamme increases the permeabihty of blood 
vessels m parts of the body 

The volume of the flmd was measured mto a small centrifuge tube, 
0 I c c of 10 p c sodium tungstate and 0 6 c c of 8 p c sulphuric acid 
were added The tube was centrifuged and the supernatant flmd decanted 
off The precipitate was suspended m water, dissolved by adding one drop 
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of 20 p c sodium carbonate solution, 0 05 c c of a phenol reagent (Wu) 
and 0 5 c c of 20 p c sodium carbonate were added and the volume 
made up to 6 c c The colour produced was compared with that given 
by tyrosme with the same reagents, whence the protem content may be 
calculated 


Drug 

Dose 

Plmd taken 

No of 

Protem 

g per kg 

after 

animals 

pc. 

None 



— 

4 

0-040 

p Phenylenedmmme 

0 2 snboutis 

2Jhis 

2 

0 052 

Urotropme 

1 0 mtraven. 

hre. 

1 

0040 

Histamine 

2 5 mg 

30 TTUTIH 

1 

0 036 

Mocarpme 

0 6 mg 

2i his 

1 

0 040 


In no case was there an appreciable alteration m the protem content 
except m the case of ;p-phenylenediamme where a 26 p c mcrease was 
observed, but this apparent mcrease is negbgible compared with that 
obtamed m man m tubercular meningitis, ^ e usually about 400 p c 
p-Phenylenedianune evidently passed mto the fluid smce on standmg 
a blue colour developed The figures for normal rabbits are higher than 
those for human flmds 

Recoveiy of a pancreatic secretory excitant by vivi-dialjfisis 
of the circulating blood By H Necheles and E K S Lur 

(Peking Unton Medical College ) 

FoUowmg the fundamental discovery of secretin by Bayliss and 
Starling (1902), others, viz Enriquez and Hallion (1903), Fleig 
(1903, 1904), Matsuo (1912-3), have succeeded m demonstrating the 
existence of a pancreatic excitant m the circulatmg blood The final proof, 
however, i e the identification of the circulatmg excitant with secretm, 
IS still lackmg It is, of course, essential first to isolate the excitant from 
the blood We wish to report the results of prebnunary experiments m 
which we have endeavoured to recover the excitant from the circulation 
by vivi-dialysis 

Dogs were starved for 16-36 hours, the carotid-] uguiar or the femoral 
vessels were cannulated under local ancesthesia and connected with the 
dialysmg cybnders^ Heparm was given as anticoagulant After a con- 
trol dialysis of 2 hours, the dog was fed or NflO HCl was mjected mto 
the duodenum (m the latter case, a general anaesthetic was employed) 
The dialysate (Locke’s solution) was then changed, and the experiment 
contmued for another 2 hours The dialysates were used unconcentrated 
'^Details of technique described by H Necheles in CTtmue Joum Physiol 1 
169-^0 1927 
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or after concentration and precipitation of most of the salta mth alcohol 
The final substance, a yellow oily fluid, was tested for ita pancreatic 
exciting property on normal dogs under ether 

Eight experiments were performed Two of these were \atiated in that 
the blood pressure fell as the experiment proceeded, resultmg m a slow 
circulation rate and some clottmg m the dialysers In both experiments, 
the control dialysate gave a positive result, while the dialysate obtamed 
after feedmg was less or equally potent 

The mjection of the unconcentrated dialysate failed to show any 
pancreatic effect 

The remammg five experiments were apparently carried out under 
favourable conditions Of these three (one NjlQ HCl m duodenum) gai e 
positive results, the control dialysate havmg httle or no effect, while the 
dialysate after feedmg produced a pancreatic response One (NjlO HCl 
m duodenum) was completely negative, while another gave equally 
poative responses to both dialysates 

There is thus undoubtedly a pancreatic excitant m the cuculation, 
which may be present before stimulation and which m three out of five 
satisfactory experiments was mcreased after stimulation "We were not 
able to state the occurrence of an mcrease after stimulation m the case 
of the gastnc excitant (Lim and Necheles, 1926) 

Smce both gastnc and pancreatic excitants were prepared m the same 
way, the possibihty of them identity is not remote The identity of our 
dialysed excitant with secretm obtamed from mtestmal extracts, remains 
to be mvestigated, although we have found that Luchhardt’s method 
of saltmg out secretm from extracts, fads to precipitate the dialysed 
excitant 
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